







































































































































































































































































































































































































































































Phase One Completion Report for the Emigrant Geothermal  
Prospect, Esmeralda County, Nevada 











































































































 Figure 1.  Location and index map showing position of the Emigrant geothermal prospect relative to 
major structural elements of west-central Nevada and adjacent southeastern California.  Bold black lines 
signify major high-angle fault zones, with arrows showing relative displacements.  Lightly hatched areas 
show selected pull-aparts.  Densely stippled areas portray exposures of lower-plate (LP) tectonites in the 
Silver Peak-Lone Mountain metamorphic core complex (light stipple);  Additional abbreviations are as 
follows:  CWLFZ – Central Walker Lane fault zone;  DSVPA – Deep Springs Valley pull-apart;  
DVFCFZ – Death Valley-Furnace Creek fault zone;  FLVFZ – Fish Lake Valley fault zone;  GFZ – 
Garlock fault zone;  MD – Mina Deflection;  OVFZ – Owens Valley fault zone;  QVPA – Queen Valley 










































































































 Figure 3.  Generalized geologic map of the Emigrant geothermal prospect and vicinity, illustrating, 
relative to major mapped faults, the northwest-trending, high-temperature nucleus of a broad, shallow, 
static thermal-gradient anomaly.  Dashed outline encloses that part of the prospect (1) considered most 
favorable for drilling into a commercially viable, moderate- to high-temperature geothermal up-flow 
plume in the depth range 900-1300 meters; and (2) mapped in detail [1:4000] for this investigation and 
seen in Figs. 4 and 7.  Geology beyond the borders of the detailed-map area synthesized from Robinson et 
al. (1976; 1:62,500) and Reheis (1991; 1:24,000). 
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Figure 4.  Summary detailed geologic map of the interior of the Emigrant geothermal prospect.  Geology 
distilled from 1:4000-scale mapping.  Please refer to Figure 3 for map location. 
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 Figure 5.  Detailed, east-west geologic section through the interior of the Emigrant geothermal prospect.  
Map features the Green Monster fault zone, along which the prospect’s modern surface geothermal 



















































































































































Figure 6.  Photograph (looking south-southeast) of low-angle normal fault zone disrupting Miocene felsic 
ignimbrite in the northeastern part of the detailed geologic-map area (Fig. 5).  Vertical ledge at left of 
image is ~5 m high.  A – Undulatory, principal displacement surface (PDS), typically grooved, mullioned, 
and slickensided.  At left, the PDS is subhorizontal; at right, it dips steeply south, oblique to and away 
from the picture plane.  B – Subsidiary dip-slip and oblique-slip faults cutting the PDS, but extending no 
more than a few meters into that feature’s upper and lower plates.  These structures appear to have formed 
near-contemporaneously with the PDS itself.  C – Intensely fractured, moderately silicified, and hematitic 
“limonite”-stained damage zone above the PDS.  D – Argillized, weakly welded tuff in the lower plate of 
the PDS;  E (in immediate background) – Fractured, locally rubblized, and small-normal-fault segmented, 
moderately to densely welded tuff in the upper plate of the PDS.  Compaction foliation in this upper plate 




 Figure 7.  Detailed alteration and mineralization map of the interior of the Emigrant geothermal prospect.  
































































































































































































































































 Table 1.  Chemistry and geothermometry of hot-water samples from two shallow boreholes in the 





 Figure 19.  Map of the Emigrant prospect and vicinity, showing the surface traces of major, moderate- to 
high-angle fault zones relative to (1) the nucleus of the shallow thermal-gradient anomaly and (2) the 
gravity-modeled depth to “dense rock” [i.e., the basement].  Map area is the same as in Figure 2.  Depth 
modeling by inversion of high-precision gravity data (by John Maas, in Ciancanelli et al., 2003).  Note 
that in general the estimated-depth contours and the trend of the thermal anomaly bear no apparent spatial 
relationship to the locus of modern tectonic activity, the Emigrant Peak fault zone.  The anomaly instead 
appears to be controlled by the northwest-left-stepping configuration of “major” range-bounding normal 
faults (Paleozoic basement to the east; Cenozoic cover to the west) at the western margin of the Silver 
Peak Range.  Similar control of “deep-circulation” geothermal systems in northwestern Nevada has been 








































 Figure 20.  Conceptual geologic model of a moderate- to high-temperature convective geothermal system 
circulating beneath the heart of the Emigrant shallow thermal-gradient anomaly (Figs. 3 and 8).  Red 
arrows schematically portray potential thermal-fluid pathlines.  At the center of this section is the drilling 
target considered by us as optimum for penetrating, in the depth range 900-1300 m, the upper reaches of a 
commercially producible, moderate- to high-temperature geothermal upflow plume.  The target 
encompasses (1) major fault intersections involving the Green Monster, Gator, and Sorrel fault zones 
(Figs. 3, 4, and 8); (2) the only modern geothermal surface manifestations, including a native sulfur 
deposit; and (3) the borehole with the second-highest shallow thermal gradient on the prospect (No. 211, 
at 700oC/km; Fig. 3).  EPFZ – Emigrant Peak fault zone;  FLV – Fish Lake Valley;  GFZ – Gator fault 
zone;  GMFZ – Green Monster fault zone;  MRDT – Mineral Ridge detachment;  SFZ – Sorrel fault zone;  






Figure 21. Southeast corner of Rhyolite Ridge Northwest USGS 7.5 minute quadrangle showing the 









































































































































































































































































Quick Gel    EZ Mud Plus       
DrisPac   DrisPac Superlow 








































































































































































































































































































































































































































































United States Department of the Interior 
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Emigrant #17-31Geothermal Drilling Permit 



























































































































































Exploration on public land has the potential to spread noxious weeds.  The following 














All topsoil from all disturbances will be stockpiled for use in reclamation. 
1.  Avoid developing on or within 100 feet of riparian areas. 
2.  Disturbed areas will be reseeded with pure live seed with the following mixes: 
 















































































































































Land Use  Yes  Yes  See discussion below 
‐ 190  
Authorization 
Minerals  Yes  Yes  See discussion below 







































Weather in central Nevada is characterized by low humidity often with large diurnal 
variations in temperature.  Prevailing wind patterns are generally from the west but 
locally follow the north-south orientations of the mountain ranges.  Occasional intense 
winds can cause localized dust storms, dust devils, and decreased visibility. 
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There are no active or pending mineral material contracts or free use permits issued to 
operators within a six mile radius of the proposed action.  There are no pending sodium 
prospecting permits and potassium prospecting permits located within 6 miles of the 
proposed action.  The closest hard rock mining notice, operated by Vanderbilt Minerals 
Corporation (NVN-73451), is located approximately 1 mile west of the proposed action.  
The closest mining plan of operations, operated by Golden Phoenix Minerals (NVN-
73109), is located approximately 12.5 miles southeast of the proposed action.  Authorized 
noncompetitive geothermal leases bound the project area on all sides except the east side.  






















































































































































































































































































There  are  no  records  of  Burrowing  owls  on  the  Silver  Peak Allotment.   However  suitable 
habitat  does  exist  on  the  Silver  Peak  allotment  and  burrowing  owls  have  been  found  in 
adjacent allotments.  Therefore it is likely that small numbers of burrowing owls nest on the 
allotment.   Burrowing owls can be  found  in a variety of habitats  from  salt desert  shrub  to 
montane parklands.  However one necessary component of burrowing owl habitat is another 
burrowing animal such as prairie dogs, ground squirrels, kit foxes, or badgers.  This is because 






















Environmental Consequences: Proposed Action:  As noted in the affected environment 
section, optimal habitat for mule deer, Desert big horn sheep, and Greater sage grouse does 
not occur within the vicinity of the proposed drill hole.  Examination of range studies of the 
area suggest that a population of these animals within the project area would be transient as 
they would be migrating through the area to a more suitable location.  Given the size of 
‐ 201  
disturbance associated with the proposed action (0.33 acre), these animals can readily avoid 
the area.  Construction activities have the potential to affect sensitive species that may occur 
in the project area.   
Environmental Consequences: No Action Alternative:  The project area would be unchanged. 
Mitigation:  None identified. 






























































































































































































































FINDING OF NO SIGNIFICANT IMPACT AND 
DECISION RECORD 
FOR 
Emigrant #17-31Geothermal Drilling Permit 
Project Number: NV065-EA06-177 
 
I have reviewed Environmental Assessment NV065-EA06-177 (EA), dated September 14, 2006. After 
consideration of the environmental effects of the Bureau of Land Management’s (BLM’s) preferred 
alternative (Proposed Action) described in the EA and supporting documentation, I have determined that 
the Proposed Action with the project design specifications identified in the EA is not a major federal 
action and will not significantly affect the quality of the human environment, individually or cumulatively 
with other actions in the general area. No environmental effects meet the definition of significance in 
context or intensity as described in 40 CFR 1508.27. Therefore, preparation of an Environmental Impact 
Statement is not required as per section 102(2)(C) of the National Environmental Policy Act. 
 
I have determined the Proposed Action is in conformance with the approved Tonopah Resource 
Management Plan and is consistent with the plans and policies of neighboring federal agencies, local, 
county, state, and tribal agencies and governments. This finding and conclusion is based on my 
consideration of the Council on Environmental Quality’s (CEQ’s) criteria for significance (40 CFR 
1508.27), both with regard to the context and the intensity of impacts described in the EA. 
Context: 
Esmeralda Energy Company (Esmeralda) has filed a Geothermal Drilling Permit to drill a geothermal 
exploration hole in Fish Lake Valley, Nevada.  The proposed hole would be drilled on lease NVN-74099, 
which is held by the proponent.  Once the well is drilled, Esmeralda proposes to inject approximately 
85,000 gallons of water into the geothermal reservoir in order to test the permeability and porosity of the 
host rock.   
The well would be located at Township 1 North, Range 37 East, section 31, SW¼SW¼ and would be 
designated as the Emigrant #17-31 (Figure 1).  The affected geothermal lease is NVN-74099. 
The nearest inhabited town is Dyer, NV which lies approximately 14 miles southwest of the project area.   
The proposed wellhead would be located on a gravel pad roughly 0.33 acre in size (100’X140’) and 
would have a mud pit 0.003 acre in size (20’X 8’) located on the pad.  The proponent indicated that 
additional acreage would be disturbed during construction of the pad.  Total surface disturbance 
associated with well pad construction would be 0.65 acre.  The well will be drilled to a depth of 4,000 
feet.  The drill rig components will be trucked to the site and then reassembled on the well pad.  When 
constructed, the drill rig will occupy approximately 1,980 square feet (0.045 acre) and the drill rig mast 
will be approximately 90 feet tall.  The purpose of the mud pit is to hold the drilling mud and drill 
cuttings.  The drilling mud helps keep the drill bit cool and provides a media into which the drill cuttings 
move out of the hole.   
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Access to the project area would be by pre-existing, improved gravel roads, Esmeralda County Road #15 
Emigrant Pass Road (N-54394), Road #43, and Road #47 (N-55402).  Esmeralda County Road 
Department personnel have indicated that they will maintain the access roads prior to, and after, the 
proposed exploration hole is drilled.   
Water to be used for the drilling of the proposed geothermal well would be obtained from the Hot Box 
Park, a Recreation and Public Purposes lease (N-50991 and access road N-52827) site held and leased by 
Esmeralda County.  The Hot Box is located approximately 3 miles west of the proposed action and is an 
improperly plugged and abandoned oil well that is leaking thermal waters under artesian flow.  The 
Tonopah Field Station (TFS) received a letter from the Esmeralda County Commissioners granting 
Esmeralda permission to use the excess water at the Hot Box Park for the purposes of drilling the hole 
and testing the geothermal reservoir.  The water needed for the drilling mud and injection test will be 
pumped from the abandoned oil well head and would be hauled to the proposed well site via water trucks 
on existing roads.  It is unknown how much water would be needed to drill the well however, 85,000 
gallons of water would be needed for the injection test.   
The project area is located on an approximate 6 percent slope.  Esmeralda proposes to construct the pad 
for the proposed exploration hole using the “cut and fill” technique.  The upper eastern portion of the 
proposed drill hole pad will be excavated and moved to the lower western end of the pad in order to make 
a flat pad.  The proponent would use bulldozers to build the well pad.  Esmeralda plans to drill the 
proposed exploration hole in September or October of 2006.   
Intensity: 
1) Impacts that may be both beneficial and adverse. 
The EA considered both beneficial and adverse impacts of the Proposed Action. 
Impacts of the Proposed Action include the following: fugitive dust from the disturbance of the local soil 
profile, impacts on land use authorization, impacts on minerals, water quality, recreation, wildlife Native 
American religious concerns, wild horses, migratory birds, socioeconomic impacts, and a temporary 
impact to visual resources. These impacts, which are described in detail in Chapter 3 of the EA, would be 
minimized by the lease stipulations and standard operating procedures presented in Chapter 2 and 
mitigated by measures outlined in Chapter 5. 
None of the environmental impacts disclosed above and discussed in detail in Chapter 3 of the EA are 
considered significant. 
2) The degree to which the proposed action affects public health or safety. 
The Proposed Action will not affect public health or safety.  Personnel working on the drill rig will bar 
the public from the drill site.  Trash will be contained on-site and hauled to an approved landfill as burial 
of trash on-site is not permitted. Portable chemical toilets will be used for human waste and will not be 
chemically treated or buried on site.   
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3) Unique characteristics of the geographic area such as proximity to historic or cultural resources, park 
lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically critical areas. 
The nearest inhabited town is Dyer, NV which lies approximately 14 miles southwest of the project area.  
There are no ecologically critical areas, prime farmlands, wetlands, or wild and scenic rivers within a mile 
of the project area.  Site type diversity is limited; no National Register eligible properties have been 
identified.  In addition, the EA did not identify any significant impacts to unique species or their habitats.   
4) The degree to which the effects on the quality of the human environment are likely to be highly 
controversial. 
The Proposed Action is not expected to be controversial. The BLM has been coordinating with the 
Nevada Division of Wildlife (NDOW).  Coordination was done by informal phone calls and follow-up e-
mails describing the Proposed Action and asking for their concerns. 
During the June 13, 2006, field tour and subsequent phone discussions, with Timbisha Shoshone tribal 
representatives, the following concerns were identified:  1. Timbisha requests information demonstrating 
a no adverse impact to Big Horn Sheep (which frequent the area) migration routes and mating/birthing 
locations.  2. Although surface artifacts were not found during cultural survey, subsurface or buried 
artifacts may exist.  Therefore, Timbisha requests one or two tribal monitors to be present during access 
route and drill pad construction.  The tribe did not comment on copies of the EA that were given to them. 
5) The degree to which the possible effects on the human environment are highly uncertain or involve 
unique or unknown risks. 
There are no known effects of the Proposed Action identified in the EA that are considered uncertain or 
involve unique or unknown risks.  This is demonstrated through the effects analysis in the EA. 
6) The degree to which the action may establish a precedent for future actions with significant effects or 
represents a decision in principle about a future consideration. 
The proposed action will not establish a precedent for future actions with significant effects or represent a 
decision about future consideration. Completion of the EA does not establish a precedent for other 
geothermal exploration drilling projects of similar size or scope.  Any future projects within the project 
area or in surrounding areas will be analyzed on their own merits and implemented, or not, independent of 
the actions currently selected. 
 









8) The degree to which the action may adversely affect districts, sites, highways, structures, or objects 
listed in or eligible for listing in the NRHP or may cause loss or destruction of significant scientific, 
cultural, or historical resources. 
The BLM has completed a Class III cultural survey for the Project Area and found no sites within the 
project area that are eligible to the National Register of Historic Places.   
9) The degree to which the action may adversely affect an endangered or threatened species or its habitat 
that has been determined to be critical under the Endangered Species Act (ESA), as amended, of 1973. 
Endangered or threatened animal or plant species are not known to occur in the project area or areas 
adjacent to the Proposed Action. 
10) Whether the action threatens a violation of Federal, State, or local law or requirements imposed for 
the protection of the environment. 
The Proposed Action will not violate or threaten to violate any federal, state, or local law or requirement 
imposed for the protection of the environment. 
DECISION: 
As a result of the analysis presented in the Environmental Assessment (EA), it is my decision to approve 
of the Proposed Action for the Esmeralda Energy Company Emigrant #17-31Geothermal Drilling Permit. 
This decision for the Esmeralda Energy Company Emigrant #17-31Geothermal Drilling Permit is issued 
under the Federal Land Management Policy Act of 1976, the Geothermal Steam Act of 1970, as amended, 
Part 3200 of Ch. 43 Code of Federal Regulations (CFR) and 43 §CFR 3250, and is effective immediately 
upon signing of this Decision Record (DR). 
The preceding rationale for the Finding of No Significant Impact (FONSI) supports this decision.  The 
Proposed Action coupled with design features, mitigation measures and environmental protection detailed 
in the EA and FONSI have led to my decision that all practicable means to avoid or minimize 
environmental harm have been adopted and that unnecessary or undue degradation of the public lands 
will not result.  This decision is consistent with the Tonopah Resource Management Plan, Record of 
Decision (1997). 
All resource values impacted by the proposed action have been evaluated for cumulative impacts.  It has 




































































Mobilization:              $10,510.00 
De‐mobilization:            $10,510.00       











  10 ¾” Tri‐cone    $8.00/ft 
  8 ½” Tri‐cone    $8.00/ft 
  Reaming    $8.00/ft 
           







Hourly Non‐Operating Rate:          $265.00/hour 
Stand‐by time requested by the client, water delays. 
 
Drill Supervisor: (Provided)          Included in rates   
 
Drill Crew Per Diem:             $50.00/day per man   
This per diem is a per man charge.  
 
Water Truck Rental: (4000‐gallon tandem‐axle)      $185.00/day plus fuel @ cost + 15% 
  









Drill Crew Drive Time:            $50.00/hour per man 
Drive time in excess of one hour per day will be billed at the stated rate. 
 

















Crane Truck Rental: (Required)          $185.00/day plus fuel @ cost + 15% 
 
Gardner Denver Mud Pump: (Required)        $185.00/day plus fuel @ cost + 15% 
This pump will be billed for those days when used.  
             
Drilling Fluid Mixing and Cleaning System: (Required)    $185.00/day plus fuel @ cost + 15%   
Mobilization/De‐mobilization          $1900.00 each way 
 
Frac Tank:              Cost Plus 15% 
 
9 5/8” Casing:              Cost plus 20% 
4” Casing:              Cost plus 20% 
Delivery:              Cost Plus 15%       
     





































Boart Longyear Company will carry Comprehensive General Liability and Automobile Insurance 
covering personal injury and property damage and also statutory Workmen’s Compensation 
Insurance.  Certificates showing these coverage’s will be furnished upon request. 
 
LICENSING: 
Boart Longyear Co. certifies that it is licensed to do business in the state of this site location.  All other 
licenses, land and water use permits, environmental reports, state reports relating to hole plugging, etc, 
shall be the responsibility of Client.  Boart Longyear Co. shall cooperate with and give technical 
assistance for Client’s compliance with these regulations. 
 
INVOICES 
Invoices covering the work performed will be prepared on a regular basis throughout the duration of the 
project.  Payment Terms shall be Net Due Upon Receipt of Invoice.  Amounts not paid within 30 days of 
Invoice Date will begin accruing interest at the rate of 1 ½ percent per month. 
 
DAILY DRILL REPORTS 
In order to facilitate prompt notification to the Client of drilling progress or problems, Boart Longyear Co. 







Invoices arising from this project will be subject to all applicable Federal State and Local Taxes (Sales, 




Except for the duty of Client to make payments hereunder when due, neither party shall be liable for 
delays in performance or for damage occasioned by or caused by Force Majeure, which shall include, but 
not be limited to, acts of God, actions of the elements, war, strikes, or differences with workmen, acts of 
the public enemy, rules or regulations of any governmental authority having jurisdiction or control in the 
premises, compliance with which makes continuance of operations impossible or any other cause beyond 
the reasonable control of either party.  Inability of either party to secure funds, arrange bank loans or 
other financing, or to obtain credit shall not be regarded as Force Majeure. 
 
EXPIRATION 
Prices quoted herein are firm only if this proposal is accepted within 60 days of above date and if work is 
commenced within a reasonable period of time. 
 
CREDIT APPROVAL 
This agreement is subject to continuing credit approval by Boart Longyear Co. of Client’s financial 
condition, or to other financial arrangements satisfactory to Boart Longyear Co.  If at any time Boart 
Longyear Co., in its sole judgment, deems Client’s financial condition unsatisfactory, notice shall be made 
to client, and if action is not taken satisfactory to Boart Longyear Co., then work under this agreement 
shall cease.  Nothing contained herein shall excuse Client’s obligation to pay for work already performed 
in its behalf pursuant to this agreement. 
 
INDEMNIFICATION 
Nothing herein shall be construed or deemed to create any relationship between Client and Boart 
Longyear Co. other than Boart Longyear Co. acting as either a Contractor or a Sub-Contractor to Client.  
Each party shall be solely responsible for the acts of its employees or agents, and each shall hold 
harmless and fully indemnify the other party, its officers, employees, agents, and affiliated companies 
from any liability for injury to or death of any person, or for damage to or destruction of any property, and 
from any claims, actions, proceedings and costs in connection therewith, including reasonable attorney 
fees, arising out of or resulting from the performance of the work hereunder. 
 
LIABILITY 
Boart Longyear Company shall drill at the locations and to the depths specified by the representative of 
Client and shall be held harmless for all liability related to pollution of ground water or surrounding land 
from discharge of drill water and wastes. Boart Longyear Company will accept responsibility for any spills 
which are a result of Boart Longyear Company’s negligence.  Boart Longyear Company agrees to accept 
liability for the negligent acts of its employees. 
 
The client shall assume liability for any environmental losses associated with a well out of control and any 
below grade fluid losses. Client shall be liable for any cost of regaining control of any wild well, as well as 
the cost of removal of any debris, and shall release Boart Longyear Company from any liability for any 
such cost. 
 
Client shall share liability at all time for damage to or destruction of Boart Longyear Company’s in-hole 
equipment. Client shall reimburse Boart Longyear Company for the value of any such loss or damage as 
agreed by both parties.  
 
ENTIRE AGREEMENT 
This proposal together with its covering letter and all attachments will constitute the terms and conditions 
of this working agreement.  Your authorized signature in the space provided below will acknowledge your 
acceptance and will validate this agreement. 
 








        NRQHP    9,725 ft.  (2964 m) Dry Hole 
        NRQHP    15,413 ft  (4698 m) Wet Hole    
        HRQHP    9750 ft    (2972 m) Dry Hole 
        HRQHP    16752 ft  (5106 m) Wet Hole     
        HWT/PQ    4,900 ft.        (1500 m) Dry Hole 
  
2.     POWER UNIT:                                   Cummins 325 HP @ 2100 RPM 
3.     TOP DRIVE:            Two‐Speed Rotary Spindle 
        Manufacturer:      Lang 
        Hydraulic Pump:                 Denison P14P 
        Hydraulic Motors (2):    Denison M7H 
 
                   Coring         Rotary 
       RPM Low Range:               0 – 562       0 ‐ 140 
       RPM High Range  :             0 – 1007         0 ‐ 252 
       Torque Low Range:               0 – 3,270 Ft/Lbs        0 – 13,080 Ft/Lbs 
       Torque High Range:              0 – 1,827 Ft/Lbs        0 ‐  7,308 Ft/Lbs 
 
4.    FEED SYSTEM: 
       Feed Length:             22.5 Feet 
       Cylinder Size:             5” Bore X 2‐3/4” Piston Rod 
       Lift Capacity:             120,000 Lbs @ 4000 PSI 
       Hydraulic Pump:             P6W Denison 
         
5.     MAIN HOIST:             Hydraulic 
       Drum Diameter:             35.375” Grooved 
       Drum Length:             38” 
       Flange Diameter:             41.375” 




       Powered by:             P14P Denison Pump & 2 M7H Motors  
                 (7.25 cu.in./rev.) 
       Block Speed (with 6‐Part Line):   
     
       1st  Layer               65 Ft/Min 
       2nd   Layer                 68 Ft/Min 
       3rd  Layer               71 Ft/Min 
       4th Layer               74 Ft/Min 
 
       Hoisting Capacity: 
       1st  Layer               116,367 Lbs. 
       2nd   Layer                 111,818 Lbs. 
       3rd  Layer               107,612 Lbs. 






       Drum Diameter             8” 
       Drum Length             29‐3/8” 
       Flange Diameter             26” 
       Drum Capacity             9000’ X 1/4” Cable at 75% of full drop capacity 
       Bare Drum Speed             0 – 600 Ft/Min 




       Hook Load Rating:             100,000 Lbs. (with 6‐Part Line) * 
       Method of Raising:             Two Hydraulic Cylinders 
       Rod Stacking Length:    40 Ft. Stands 
       Guy Lines Required:            4 
       Mast Length:          58 Ft. 4 Ins. 
       Weight Indicator Gauge:     150,000 Lbs (with 6‐Part Line:) 










       Rig Width:               8 Ft. 5‐1/2” Ins. (with Jack Pads Removed) 
       Rig Length:               59 Ft. 6 Ins. 
 
  9.  MUD PUMPS:             FMC Model: L1622BCD (2 Each) 
 
       Displacement:       Positive, Inside Packed 





































































































    1.  Drilling mud, rod grease and in‐hole additives. 
    2.  Cementing service 
    3.  Core boxes and lids, sample bags, and marker blocks. 
    4.  Special tools or drilling accessories required for testing  
      purposes or which may be left in the hole upon Client  
















     5.  4000 feet of HMCQ size core rod and 4000 feet of NCQ rods 
























































    1.  Operating. 
 
      It is agreed that the operating rates shall include the labor of  
      the regular two‐man crew per shift, and shall include drill and  
      support equipment rental.  The cost of rods, casing, below‐ 
      the‐head consumables, and other materials and supplies  
      consumed in the work shall be charged to the Client at cost  
      plus ten percent (10%).   
      In the event that extra labor over and above the regular two‐ 
      man crew per shift is utilized, the Contractor agrees to supply  
      such additional labor at the rates specified in Bid Prices,  
      Section 5. 
 
    2.  Non‐Operating (Standby). 
 
      It is agreed that the non‐operating rates shall prevail when  
      work is interrupted due to delays not caused by the  






    and personnel to the staging area                  $ 24,500.00 











    site back to the staging area.                            
 
                      Moving from site to site, setting up                                    
    and tearing down.                                                                                     
                                                                                                               $430.00 Rig/Hour       











                                                                       PRICE PER FOOT 
                     
                           HQ/NQ 
 


















































    orientation devices.                            $ 2,200.00/Month  
 














    
COST ESTIMATE    
    
Description Unit Price Quantity Total 
    
Mobilization $24,500  1 24500 
    
Demobilization $24,500  1 24500 
    
Operating - Day Rate $10,800    
    
Non Operating - Day Rate $10,320    
    
Setting up - Est. 1. day $10,320  1 10320 
    
Rotary 10 3/4" to 20 ft & $10,320  1 10320 
Set and cement 7" casing - Est. 1 day    
    
Rotary 6 1/4" to 400 ft $10,800  1 10800 
    
Rotary footage at $10.00/ft $10  400 4000 
    
Cementing and setting $10,800  1 10800 
    
Install BOP and pressure test - Est. 1 day $10,800  1 10800 
       
‐ 226  
HQ core from 400 - 4000 ft    
      400 - 2000 ft - Est. 160 ft/day $10,800  10 108000 
    
      2000 - 4000 ft - Est. 120 ft/day $10,800  17 183600 
    
Logging - Est. 2 days $10,800  2 21600 
    
Tear down - Est. 1 day $10,320  1 10320 
    
Coring Price @ $15.00/FT $15  3600 54000 
    
Tricones $3,000  1 3000 
    
Diamond Bits - Est. $3.0/FT $3.00  3600 10800 
    
Core Box @ $6.25/Box $6.25  400 2500 
    
Drilling Mud - Est. $5.00/FT $5.00  4000 20000 
    
Water truck rental @ $150/day $150  40 6000 
    
    
  Total: 525860  
    























Mounting  Truck or Trailer    Removable from a 5 axle carrier  
    Length        52' 6" 
    Width          8' 2" 
    Height          1 1' 6" 
    Weight        42,900 lbs. 
     
Power    Drill Engine        Detroit 671 230 HP 
    Generator        8 Kw Hydraulic 
   
Derrick Rod Capacity      40 ' Rod Stands 
    Angle Capability      ‐45 to ‐90 degrees 
    Max. Casing Diameter    16 inch 
    Max. Casing Length      Range 3 ( 35' to 44' ) 
 
Hoist    Single Line Pull      36,000 lbs. 
    Pulling Speed      0 to 300 FPM 
 
Rotation  Type                                             Hydraulic Top Drive 
    Feed Length        24' 
    Maximum Torque      5630 lb./ ft. 
    Speed Range      0 to 1500 RPM 
    Pull Back        32,000 lbs. 
    Pull Down        15,700 lbs. 
     
Pump    Type          Hydraulically Driven 
    Model          FMC Bean L1122B 
    Max. Flow Rate     40 GPM 
    Maximum Pressure      1,000 PSI 
 
Wireline  Type                                             Hydraulic c/w spooler 
    Line Pull        4,200 lbs. 
    Cable Size        5/16" 






Depth Capacity NCQ        7,100 Feet 
      CHD 76     5,640 Feet 
      HMQ        5,400 Feet 










































































































































































































































































































































































































































‐ 297    
‐ 298  
 




































































































A key component of the Strategic Plan for the U.S. Department of Energy's (DOE) Geothermal 
Technologies Program is "...collaborative 
effort with industry to support exploration 
for and definition of new hydrothermal 
resources." To help implement this 
part of the Strategic Plan, the agency's 
Geothermal Resources Evaluation & 
Demonstration (GRED) Program assists 
industry in ameliorating the risks and 
costs of "greenfield" prospect evaluation. 
Certainly among the most encouraging 
greenfield prospects yet to be meaningfully 
drill-tested in the western United States is 
the Emigrant property, at the northeastern 
edge of Nevada's famous Fish Lake Valley 
(Fig. 1). Detailed geologic mapping and 
data synthesis made possible by a GRED 111 
grant to Esmeralda Energy Co. (EEC) have 
DOE Enables the Emigrant Geothermal Exploration 
and Slimhole Drilling Project in Fish Lake Valley, Nevada 
By Jeffrey B. Hulen and Gregory D. Nash - EGI, University of Utah; 
John Deymonaz - Fish Lake Green Power Co.; and Alex Schriener - Earth Systems Southwest 
Slickensided erosional remnant (klippe) of 
fractured. welded. Miocene ash-flaw tuff 
~~ 
(brownish-orange) in low-angle normal-fault 
contact with underlying, non-welded tuff 
(pale greenish- to purplish-gray) near the 
Emigrant geothermal prospect, Esmeralda 
Countu. Nevada. The fractured upper plates of 
these newly-recognized, regionally prevalent 
low-angle structures would be high-quality 
aquifers and geothermal-reservoir rocks in 
a deeply concealed, Emigrant geothermal 
system. View at the horizon is 60 m wide. 
Photo: Greg Nash 
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confirmed the prospect's potentkl, and set Primary Emigrant leases. GEO-83 1, involving existing- data collation, clas- 
i 
the stage for slimhole core drilling into acquired these properties by filing for sification,andsynthesisaswellasdetailed 
the upper reaches of a moderate- to high- non-competitive lease applications in geologicmapping, is wellunderway atthis 
temperature geothermal upflow plume. December 2000. Based on an evalua- writing (August.2005). Drilling and well 
EEC and Fish Lake Green Power Co. (FL- tion of GEO-83's Emigrant database, testing are to follow in 2006. 
GPC) are wholly owned subsidiaries of Geothermex, Inc. (Richmond, CA- 2004) Phase 1 geologic mapping has 
Geo-Energy Partners 1983 Ltd. (GEO-83). estimated that the property could he capable revealed previously undocumented 
of producing 1,380 megawatt-years of geologic features and relationships criti- 
Introduction electrical energy. cal not only for drill-site selection, but 
The Emigrant region's stellar geother- The Emigrant GRED I11 project has for elaborating the unusual stmctural 
ma1 potential was first recognized in the three phases: prospect evaluation and site history of one of the most tectonically 
early 1980s by AMAX Exploration, Inc. characterization(Phase 1); slimholedrilling active regions in the United States. This 
(Deymonaz, 1984), when that company (Phase 2); andwell testing (Phase 3). Phase article summarizes Phase 1 findings and 
became aware of unusually high temperatures 
in shallow mineral-exploration boreholes 
being drilled at the time by U.S. Borax 
and Chemical Carp. AMAX entered into a 20 40 60km 
cooperative agreement with Magma Power -
- ~~ - ~ ~ 
10 20 30mi 
Co. (the leaseholder) and proceeded to drill 
additional, dedicated temperature holes. 
Shallow static thermal gradients in the U.S. Borax 
and AMAX holes locally exceeded 7 0 0 ° C h  
to depths in excess of 100 m. Understand- 
ably encouraged by these numbers-and by 
the area's clearly favorable geologic setting "SILVER PEAK- LONE MTN. METAMORPHIC 
-AMAX was poised to implement accel- 
erated exploration and deep drilling of the 
Emigrantprospect when the company withdrew 
from all geothermal activities in 1984. 
Magma shelved further exploration 
at Emigrant in favor of deep drilling at the 
nergy Co., which soon thereafter dropped 
zone; QVPA - Queen Valley pull-apart; WMFZ 
- White Mountains fault mne. 
Jurv I AUGUST 2005 
conclusions to date, and outlines the current drilling 
plan for penetrating the upper reaches of an Emigrant 
geothermal system at depth. 
Geologic Setting 
Fish Lake Valley occupies a classic "pull-apart" 
between two major dextral transcurrent fault zones: 
the Fish Lake Valley fault zone (FLVFZ) to the west; 
and the central Walker Lane to the east (Fig. 1; Reheis 
and Sawyer, 1997; Petronis et al., 2002; Stockli et 
a]., 2003; Oldow et al., 2003). The pull-apart appar- 
ently began to form at about 6 Ma, following ostensible 
extinction of the southeast- adjoining, middle to late 
Miocene, Silver Peak-Lone Mountain (SPLM) meta- 
morphic core complex (Oldow et al., 2003). 
The FLVFZ, from which displacement is cur- 
rently transferred eastward through the Fish Lake 
Valley pull-apart, has an integrated late Cenozoic 
slip rate of 5 mmlyr (Reheis and Sawyer, 1997). This 
slip speed makes the FLVFZ the single most active 
fault in the Great Basin. The kinematically coupled 
Fish Lake Valley pull-apart is only slightly less ac- 
tive (Reheis and Sawyer, 1997; see also references 
to the Emigrant Peak fault zone below), offering an 
ideal scenario for creation and frequent rejuvenation 
of fracture permeability in an Emigrant geothermal 
system. 
Geology of the Emigrant Prospect 
Because of its rapid erosional rate, sparse vegeta- 
tion, excellent rock exposures, and key plate-tectonic 
significance, the Emigrant region had been geologi- 
cally mapped many times in the past (see references in 
the foregoing section, as well as Albers and Stewart, 
1972; andRobinsonet a]., 1976). However, noneof the 
maps for these classic papers were sufficiently large- 
scale to permit effective drill-targeting for Phase 2 of 
this project. Accordingly, wegeologically mapped the 
hem of the prospect at a scale of 1:4,000 (later con- 
solidated to 1: 10,000), with the aid of state-of-the-art 
Figure 2 - A comparison of low-resolution ASTER 
imagery and the corresponding, high-resolution, fused 
panchromatic+ ASTERimageryused to facilitate detailed 
geologic mapping for the Emigrant project Top - 20- 
m-resolution ASTER imagery for the northern Silver 
Peak Range and a part of adjacent Fish Lake Valley to 
the west Small, white-outlined square shows the area 
portrayed at larger scale below. Bottom - Enlargement 
El of the white-borderedarea showing fusedpanchromatic .i +ASTER imagery. The high-resolution (1-m) fused data 5 F retain virtually all of  the advantages of the ASTER 
extravisual imagery. The fused image is surrounded, 
0 50 I00 160 200 at the same scale, by adjoining pure-ASTER imagery to 
show the dramatic reduction in pixel size accomplished 
by the fusion. 
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, Quaternary alluvium and Plio-Pleirtocenefanglomerate; 
- olderalluvium mmor iacurulne mudstone 
Pliocene Fish Lakevalley 3 Pliocene felric lgnimbrite Miocene tuffaceous Assemblage: tuffaceour 
sedimentary rocks 
0 sedlrnentarymckr 
Ordovician Palmeno Fm.: Cambrian Emigrant Fm.: 
I Mimenefelricignlmbtite 0 shale, liltstone, limestone, 0 limestone, siltstone, shale 
chert 
Inbrian carbonate and I. ~ h ~ ~ m ~ ; - g r a d l e n t  borehole, Low-ang1e 
rlllclclartic racks, undivided: with AMAX designator 
pre-Emigrant Fm. EPFZ - Emiorant Peak fault zone 5 High-angle normal fault 
~ ~~ ~- ~ ~~~ 
Green Monster sulfur mine GFZ - Gator fault mne 9 Ovenhrurtfauit 
X laband.) and barax prospect RFFZ - Range-front fault zone SFZ - Sorrel fault zone /- Contact 
Figure 3 - Generalizedgwlogic map of the Emigrant~eothermal~ros~ectand vicinitv. 
illustrating, relative to maiormawid faults, th;northwest-trendih. 1;irrh-temoeratuk <. ~- 
nucleus o?a broad, shall&, static therma1:gradientanomaly based on measurements 
made in 24 borax-exploration and dedicated-temperature boreholes. Dashed outline 
encloses that portion of the property: (1) geologically mapped by I. Hulen and 
G. Nash at 1:4000 for this investigation (see Hulen et al., 2005, for the detailed map); 
and(2) consideredmost favorable fordrilling intoa commercially viable, moderate- to 
high-temperature geothermal plume in the depth range 900-1300 meters. Geology 
beyond the borders of this area synthesized from Robinson etal. (1976; 7:62,500) and 
Reheis (1991; 7:24,000). 
remote sensing technology, and with a focus on 
features most relevant to conceptual modeling 
of a geothermal system at depth. These include 
faults, fractures, fracture-amenable lithologies, 
active thermal phenomena, and hydrothermal 
alteration. 
In preparation for the mapping, Greg Nash 
mathematically fused U.S. Geological Sur- 
vey (USGS) Digital-Orthophoto-Quadrangle 
(DOQ) panchromatic imagery (I-m resolution) 
with selected spectral bands from the 15-30 
m-resolution Advanced Spaceborne Ther- 
mal-Emission and Reflection Radiometer 
(ASTER). For details of the data-fusion pro- 
cess, refer to Hulen et al., 2005. Such fusion 
generates three-band imagery that can be printed 
as false-color composites with the fine-scale 
resolution of the panchromatic imagery and 
the extravisual imaging advantages ofASTER 
(Fig. 2). At minimal expense, the composites 
highlight rock types, structural trends, thermal 
features, and alteration that might otherwise 
readily escape detection. 
The starkly exposed rocks of the Emigrant 
prospect occur within or rest upon the extension- 
ally-attenuated upper plate of the SPLM core 
complex (Oldow et al., 2003). Within the upper 
plate, fractwed and carbonate-leached calcareous 
siltstones and limestones of the Cambrian Emi- 
grant Formation rest in overthrust contact upon 
the Ordovician Palmetto Formation-mostly 
a milange of limestone and cherty limestone 
blocks, up to several hundred meters in diam- 
eter, in a sheared, dominantly calcareous shale 
matrix (Figs. 3 and 4). The Palmetto Formation 
is intruded locally by small bodies of equally 
sheared, Mesozoic or Tertiary granodiorite. Both 
the Emigrant and Palmetto Formations lie struc- 
turally above a thick sequence of thrust-faulted 
and folded Cambrian carbonate and siliciclastic 
formations that in turn are separated from lower- 
plate, Cambrian to Proterozoic tectonites by the 
regionally prevalent Mineral Ridge detachment 
(Fig. 4; Oldow et al., 2003). 
The youngest rocks of the SPLM core 
complex are weakly to densely welded 
Miocene felsic ignimbrites that are locally 
intruded by Miocene or younger basalt, and are 
intricately dissected by low-angle faults and as- 
sociated breccias and stockwork fractures almost 
certainly related to core-complex evolution (Figs. 
3,4,5, lead photo). The ignimhrite is unconform- 
ably overlain, in succession (in the immediate 
prospect area) by Pliocene tuffacmus 
fluvial and lacustrine sedimentary rocks, 
Plio-Pleistocene fanglomerate, and at 
least two generations of alluvial fans. 
Quaternary andlor Tertiary landslides 
occur locally, and Holocene lacustrine ' 
muds occupy much of Fish Lake Valley 
west of the prospect. Miocene tuffaceous 
sediments and Pliocene ignimbrite occur 
just outside the prospect in the southeast- 
ern comer of the map area (Fig. 3). 
The Emigrant rocks have been 
folded, fractured, sheared, and brec- 
ciated repeatedly during an intensive 
tectonic history stretching back at least 
to early Devonian time. Late Mississip- 
pian or early Devonian overthrust faults 
caught up in the upper plate of the SPLM 
core complex have almost certainly been 
reactivated as Cenozoic low-angle exten- 
sional features (Fig. 4). Low-angle nor- 
mal faults in the prospect's early Miocene 
ignimbrites are also likely core-complex 
features. These remarkable faults (Fig. 
5 and lead photo), individually at most 
just a few km2 in areal extent, coalesce 
to form composite nappes throughout the 
northern Silver Peak Range over an area 
exceeding 100 km2, and probably much 
more. The faults formed opporhmistically 
Quaternary alluvlum Plb-Plel$mcene 
and olderalluvlum 0 fanglomerate 0 Miocene Ruvlal and lacurtrine mudstone, riltrtone, randstone. 
and minor conalomerate 0 Miocene felric ignimbrite: 
DW = Densely welded; Ordavlcian Palmetto Fm.: calmreour shale to 
WW= Weakly welded 0 rlltltone, limerfone, and cherty limestone. 
Errentially a melange, attenuated and complexly 0 Cambrian Emigrant Fm.: Evenly segmented. Limertonelithanr up to5Wmln length. 
and thinly lnterbedded,argillaceour Unlt alrocontalnr rheared and boudinaged. Mesozoic 
llmertone and catareour shale to orTertlary granodiorite dlker (7) and lenses. 
rilfsmne. 
Cambrlan~arbonateandfIIIcIcia~tIc 0 Cambrianand Precambdanmetaredimentary (ock~~ndivided. Complexly faulted rocks,undlvlded. 
andattenuated 
r/Unconformily / Low-anglenormal fault or Moderate- to hlgh-angle normal fault; arrow detachment,ornamentr on upper plate, 
9C 
MRDT= Mineral Rldgedetachment 
at ignimbrite cooling-unit welding breaks, 
and these structures as well as overlying tuffs 
of the densely welded zones are commonly 
silicified, stockwork-fractured, and penetra- 
tively brecciated. 
Moderate- to high-angle normal faults are 
the youngest structures exposed at Emigrant. In 
general, they trend east-west, northeast-south- 
west (e.g., the Sorrel fault; Figure 3) and north- 
erly (the Gator, "Range-Front", and Emigrant 
Peak fault zones). The Emigrant Peak zone is 
marked'ij); scarps in alluvium locally several 
meters high, consistent with a calculated Holo- 
cene slip rate for that structure ranging from 2.5 
mm to 4 mmlyear (Reheis and Sawyer, 1997). 
The also north-trending Green Monster fault 
zone, a little over a kilometer to the east, hosts 
the Emigrant prospect's only obvious suficial 
geothermal manifestations. These inc1ude.a 
feeble fumarole and elemental sulfur deposit 
at the Green Monster mine, and associated, 
incipient, advanced argillic alteration. 
Paleozoic and most Cenozoic rocks at 
Emigrant are hydrothermally altered to a 
greater or lesser extent, and this alteration 
must be taken into account in various ways 
for conceptual modeling of an underlying, 
convective geothermal system. For example, 
Paleozoic limestones and calcareous siliciclastic 
rocks are extensively carbonate-leached, form- 
ing or enhancing voids ranging from hairline 
openings to interconnected caverns a meter or 
more in diameter and tens of meters or more in 
individual length. The Paleozoic rocks are also 
locally silicified (thus embrittled) and laced with 
stockwork fractures and partially open veinlets 
of quartz, calcite, and other seconditly minerals. 
Silicified low-angle fault zones and upper-plate 
densely welded zones.in Miocene ignimbrite 
are penetratively fractured and brecciated, 
with secondary porosities locally exceeding 
an estimated 20 percent. Pliocene tuffaceous 
sedimentary rocks are massively argillized, and 
if sufficiently thick would provide an effective 
caprock on an underlying geothermal system. 
Fractured, silicified and pyritized zones dis- 
rupting the Pliocene strata in U.S. Borax and 
Figure 4 - Detailed, east-west geologic section 
through the interior of the Emigrant geothermal 
prospect. Please refer to Figure 3 for section 
location. Map features the Green Monster fault 
zone, along which the prospect's modern surficial 
geothermal manifestations are located. 
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Figure5-Photograph (lookingsouth-southeart)ofpartof TEMPERATURE PC) 
a generally low-angle normal fault zone disrupting early 15 25 50 75 100 
Miocene felsicignimbrite in the northeastern part of the 
Emigrantprospect(ph0to takenjustsouth of thelocation 
marked by ''SF.?" on Figure 3). Vertical ledge at left of 
photo is about 5 meters high. A - Undulatory. principal IOO- 
displacement surface (PDS), typically grooved, mullioned, 
and slickensided. At left, the PDS is subhorizontal; at 200- 
right, i t  dipsabout 5(P southward oblique to  andaway 
from the picture plane. B - Subsidiary dip-slip and 
oblique-slip faults cuffing the PDS, but extending no 300- 
more than a few meters into that feature's upper and 
lower plates. These areally restricted faults appear to  
have formed contemporaneously with the PDS itself. C 
-Intensely fractured, moderately silicified, and hematitic - E 
"limonite"-stained damage zone above the PDS. D 500 \ \ 
- Argillized, weakly welded tuff in the lower plate of . . . . . \  
the PDS. E (in immediate background) - Fractured, a 
locally rubblized, and small normal-fault-segmented, 600- . . . . . , . . 
moderately to densely welded tuff in the PDS upper 
plate. Compaction foliation in these upper-plate tuffs ' ,.r; 
dips steeply into and abruptly terminates at the PDS. 700- 
Where buried to  sufficient depth, both the PDS damage 
zone and the ruptured upper-plate ignimbrites would 
800- constitute high-qualityreservoir rocks in an Emigrant .~.+% 
geothermal system. '..p6 
900 ~." 
Figure 6 (right) - Static thermal-gradient profiles for 
selected shallow boreholes in the Emigrant geothermal 






(Plane ofsection striker N62-W) $ 
- 
astrike is subparallel to section @Strike is generally NNW, oblique to section @Projected SW @~liuvial veneer removed for clarity 
AMAX exploration drillholes (e.g., Ham- 
brick, 1985) locally coincide with shallow 
hot-water entries. 
The Emigrant Shallow 
Thermal Regime 
Measurements in two dozen shal- 
low borax- and geothermal-exploration 
boreholes have outlined a >250° Clkm 
thermal anomaly (ground surface to 60 m 
depth) covering at least 12 km2 (Fig. 3). 
The corresponding >lOO°C/km anomaly 
is at least three times that large. In the 
heart of this feature, near the Green Mon- 
ster mine, thermal gradients commonly 
exceed 4 0 0 ° C h ,  and locally reach 700" 
C/km (Fig. 6). Extrapolated even to mod- 
erate depths, these higher gradients would 
correspond to unrealistically high suhsur- 
face rock temperatures. An underlying, 
convective geothermal system is clearly 
implied. 
The shallow thermal anomaly, and 
by extension the underlying geothermal 
system, surprisingly show no apparent 
spatial relationship to the active Emigrant 
Peak fault zone. Instead, the anomaly (and 
system) are oriented northwest-southeast, 
coincident with a system of left-stepping 
normal faults with Paleozoic basement on 
the east and Cenozoic cover on the west 
(Fig. 3). This type of structural control, 
with kacture complexity and permeability 
enhanced at the oversteps, h& also been 
documented for several northern Nevada 
geothermal systems by Faulds et al. 
(2003). 
Unambiguously indigenous hot-water 
samples were collected by AMAX from 
two shallow boreholes within the 2250°C 
shallow thermal-gradient anomaly--one 
hole close to the Green Monster Mine, and 
the other about 5 km to the south. Geo- 
chemical analysis revealed the hot waters 
to be dilute (-0.3 wt.% total-dissolved- 
solids) sodium-chloride-bicarbonate-sul- 
fate fluids (Deymonaz, 1984). Multiple 
chemical geothermometers applied to 
the two samples yielded estimated deeper 
equilibration temperatures ranging from 
129" to 213"C, with SiO, (quartz) geo- 
thermometty indicating a range of 158" to 
169°C (see Hulen et al., 2005, for greater 
detail). On the basis of just two samples, 
we cannot rule out derivation of these 
thermal fluids along various chemical 
mixing paths. If so, even higher subsur- 
face temperatures at Emigrant are a distinct 
possibility. More rigorous assessment of 
the prospect's subsurface temperature re- 
gime must await drilling and well testing 
planned for project Phases 2 and 3. 
Figure 7 - Conceptual geologic model of a 
moderate- to high-temperature convective 
geothermal system circulating beneath the 
heart of the Emigrantshallow-thermal-gradient 
anomaly (Fig. 3). At the center of this section 
is the drilling target currently considered 
oatimum for aenetratina, in the death ranue 
9'00-1300 m, the upper reaches of an "pwelliig 
geothermal plume. The target is centered on 
major fault inte~ections involving the Green 
Monster. Gator. and Sorrel fault zones. Red 
arrows trace conceptual thermal-fluidpathliner 
EPFZ - Emigrant Peak fault zone; FLV - Fish 
Lake Vallev: GFZ - Gator fault zone: GMFZ 
- Green ~b;nster fault zone; MRDT - Mineral 
Ridge detachment; SFZ-Sorrel fault zone; SPR 
- northern Silver Peak Range. Rock units and 
symbols same as for ~ i g u r e k  
Conceptual Modeling 
and Drill Targeting 
Key stratigraphic, lithologic, and 
structural features of the Emigrant prospect 
newly recognized during project Phase 1 
have been combined with results of previous 
investigations to: 1) construct a conceptual 
model of the sought-after, moderate- to 
high-temperature geothermal system cir- 
culating at depth; and 2) select drilling 
targets optimum for penetrating the upper 
reaches of that system within the project's 
practical and fiscal constraints. Geologic 
and thermal-gradient data point strongly 
to one of these targets-immediately north 
GRC B u u m ~  
of the Green Monster mine (Fig.2)-as 
preeminently favorable. By the time this 
paper is published, the results of Phase 1 
"fuzzy-logic" mathematical modeling (e.g., 
Zahdeh, 197 1) of all the Emigrant gcologi- 
cal, geochemical, geophysical, and thermar 
data will have either supported the provi- 
sional No. 1 target as most advantageous, 
or pointed more convincingly toward one or 
more alternative sites. 
The current conceptual model of the 
envisioned Emigrant geothermal system is 
graphically portrayed in Figure 7. Accord- 
ing to the model, thermal waters heated 
by deep circulation (there is no evidence 
for a magmatic heat source) buoyantly 
ascend along left-stepping segments of 
the basement to the east range front fault 
zone and perhaps to the structurally-dis- 
sected Mineral Ridge detachment. The 
rising fluids focus and accelerate upward 
at major fault intersections, for example, 
junctures between the Gator, Sorrel, and 
Green Monster fault zones. Beneath an 
impermeable argillized caprock, the fluids 
advect subhorizontally along subsidiary 
conduits ranging from carbonate-dissolu- 
tion channels to flat stockwork-fracture and 
breccia zones associated with low-angle 
faults in Miocene ignimbrite. As with other 
Great Basin geothermal systems, modem 
recharge is likely to he minimal, and the 
bulk of the reservoir fluid will probably be 
fossil water ofpre-Holocene age (Flynn and 
Buchanan, 1992). 
Drilling and Well-Testing 
Once the initial Emigrant drilling 
target has been confirmed, a vertical slim- 
hole nominally 900-1300 m deep will be 
drilled during 2006 to penetrate the up- 
per reaches of the postulated geothermal 
system. This work will he completed by 
a drilling company experienced in dealing 
with hot, hostile, subsurface geothermal 
environments. The drilling will proceed 
under close consultation with geologists 
thoroughly familiar with the site-specific 
intricacies of the prospect area. 
To the extent possible, the slimhole 
will be completed by diamond coring, 
because core is far superior to cuttings in 
providing: 1) a record of the tectonic and 
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hydrothermal history leading to circula- 
tion of the contemporaty geothermal sys- 
tem; and (2) intact samples of geothermal 
reservoir rock for the characterization and 
quantification of porosity and permeability 
requisite for subsequent drilling and res- 
ervoir engineering. Following resistivity, 
density, and pressure-temperature-spinner 
(PTS) logging (borehole diameter and 
condition permitting), slotted tubing will 
be installed in the well, and an injection 
test will be performed to determine various 
reservoir characteristics. 
Summary and Conclusions 
This GRED 111, DOE/industry coop- 
erative project is providing the impetus and 
the means to test drill an important green- 
field geothermal prospect in west-central 
Nevada. Should the project lead to discov- 
ery of an electric power-producing geother- 
mal system at Emigrant, development at 
the nearby Fish Lake geothermal project 
(Fig. 1) will also inevitably he bolstered. 
One of the key deterrents to full commer- 
cialization at Fish Lake has been the cost 
of connecting a geothermal power plant 
to the electric grid with an approximately 
50-km, 60-kilovolt power line. If as now 
seems quite possible, Emigrant becomes a 
second viable Fish Lake Valley geothermal 
field, then the two can share transmission 
expenditures and significantly reduce each 
project's total development cost. 
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ABSTRACT 
At the western edge of the northern Silver Peak Range 
and the eastern margin of the active Fish Lake Valley pull- 
apart in southwestern Nevada, the Emigrant prospect has all 
the classical surface and shallow-subsurface indications of a 
deeper convective geothermal system capable of commercial 
electrical-energy production. Shallow boreholes completed to 
date at Emigrant have conductive thermal gradients as high 
as 700°C/km - with bottom-hole temperatures up to 109°C 
- over an area of at least 12 km2. Preliminary silica geother- 
mometry of hot waters from two of these boreholes suggests 
that deeper reservoir temperatures could reach at least 169°C 
and probably higher. Obvious surface manifestations of the 
concealed system include a feeble fumarole, warm ground, 
incipient advanced argillic alteration, and a small elemental 
sulfur deposit. 
The rocks within and around the Emigrant prospect occur 
in the fractured and attenuated upper plate of the middle to 
late Miocene Silver Peak-Lone Mountain metamorphic core 
complex. In the prospect area, folded and brittly-fractured 
limestones and calcareous siltstones of the Cambrian Emigrant 
Formation rest in thrust contact on the Ordovician Palmetto 
Formation, here essentially a sheared mklange with a matrix 
of calcareous shale and siltstone supporting scattered blocks 
and lithons of limestone and various other lithologies. Meso- 
zoic or Tertiary granodiorite boudins in the Palmetto provide 
permissive evidence for post-thrust shearing of the formation 
during core-complex evolution. The Emigrant and Palmetto 
are overlain, in succession, by: (1) early Miocene ignimbrite; 
(2) a tuffaceous and mostly lacustrine Pliocene sedimentary 
sequence; (3) Plio-Pleistocene fanglomerate; and (4) two ages 
of Quaternary alluvial fans. Altered, fractured, veined, and 
carbonate-leached Emigrant Formation and densely welded 
or silicified Miocene ignimbrite would be excellent geothermal 
reservoir rocks, as would portions of the Cambrian siliciclastic 
and carbonate sequence cropping out east of the prospect. 
Tuffaceous Pliocene sediments at Emigrant are widely and in- 
tensely argillized, and would make equally effective caprocks. 
Deep thermal-fluid flow in the Emigrant geothermal system 
appears to be controlled mostly by (1) left-stepping, north- to 
northwest-trending, "major" range-bounding normal faults 
(Paleozoic basement on the east, Cenozoic cover on the west); 
and (2) northeast-trending high-angle faults that may have 
originated as strike- or oblique-slip structures. Shallower fluid 
ascent is likely channeled by younger, more valleyward, north- 
trending, moderate- to high-angle normal faults, including 
those along which the prospect's modern surface geothermal 
manifestations are located. Shallow subhorizontal aquifers 
may be provided by the core-complex-related, low-angle nor- 
mal faults and fracture networks that disrupt early Miocene 
ignimbrites throughout the northern Silver Peak Range. An 
intermediate-depth (1-1.3 km) drilling target at the intersec- 
tion of a major northeast-trending fault zone and a younger, 
north-trending, and sulfur-mineralized fault is believed to be 
optimum for discovery of the upper reaches of a commercially- 
producible geothermal upflow plume. 
Introduction and Previous Investigations 
The Emigrant area, on the west flank of the northern Silver 
Peak Range and the eastern margin of the Fish Lake Valley 
pull-apart in southwestern Nevada (Figures 1 and 2, overleaq, 
is among the most promising geothermal prospects yet to be 
meaningfully drill-tested in the western United States. Shal- 
low thermal-gradient boreholes completed at Emigrant during 
the 1980s encountered hot water with temperatures as high as 
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Figure 1. Location and index map showing position of the Emigrant 
geothermal prospect relative to major structural elements of west-central 
Nevada and adjacent southeastern California. Bold black lines signify 
major high-angle fault zones, wi th arrows showing relative displacements. 
Lightly hatched areas show selected pull-aparts. Densely stippled areas 
portray exposures of lower-plate (LP) tectonites in  the Silver Peak- 
Lone Mountain metamorphic core complex (light stipple); Additional 
abbreviations are as follows: C W L F Z  Central Walker Lane fault zone; 
D S V P A  Deep SpringsVaIley pull-apart; DVFCFZ- Death Valley-Furnace 
Creek fault zone; FLVFZ - Fish Lake Valley fault zone; GFZ - Garlock 
fault zone; M D  - Mina  Deflection; OVFZ O w e n s V a l l e y  fault zone; 
Q V P A Q u e e n  Valley pull-apart; W M F Z  Whi te Mountains fault zone. 
109°C at less than 300 m depth (Figure 3), and static thermal 
gradients for these holes are as high as 700°C/km. Results of 
a preliminary evaluation of the property by Geothermex, Inc. 
(2004), showed that an Emigrant geothermal system likely 
could support production of at least 1380 megawatt-years of 
electrical energy. 
Based in part on this assessment, the U.S. Department 
of Energy in 2004 awarded a "GRED 111" cost-shared grant 
to Esmeralda Energey Company ("EEC"), a wholly owned 
subsidiary of Geo-Energy Partners-1983 Ltd. ("GEO-83"). 
GEO-83 is th sole leaseholder at Emigrant. The GRED I11 
grant is for (Phase I), exploration drilling (Phase 2), and well- 
testing (Phase 3) at the prospect. A key component of Phase 1 
is detailed geologic mapping, to help focus the drilling-target 
selection process on those areas of the property with the best 
chance for exploration success. 
Quaternaryalluvlum and 0 Quaternary andlor , ) olderalluv~um Tertlary landsl~de Pllo-Plelaocene fanglomerate: mlnor lacustr~ne mudaone 
sedlmentGy rocks m Ordov~c~an Palmeno Fm.: - Cambr~an Emlgrant Fm.: 
Mlocenefelslc ~ g n ~ m b r ~ t e  shale,s~ltstone, Ihmestone, I~mestone,s~hstone, shale 
chert 
0 cambr-ncarbomte and W. ~ h e r d g r a d e n t  borehole, LOw~ang'e nOrma'fau' 
slllclclastlc rocks, undw~ded: wl th AMAXdeslgnator o$ 
pre~Emlgrant Fm. Hlgh~angle normal fault EPFZ Emlg ran t  Peak fault rone 
Green Monster sulfur mlne GFZ-Gatorfaultzone 9 Overthrustfault 
(aband.) and borax prospect RFFZ R a n g e ~ f r o n t  fault rone 
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Figure 2. Generalized geologic map of the Emigrant geothermal 
prospect and vicinity, illustrating, relative to major mapped faults, the 
northwest-trending, high-temperature nucleus of a broad, shallow, static 
thermal-gradient anomaly. Dashed outline encloses that part of the 
prospect (1) considered most favorable for dri l l ing into a commercially 
viable, moderate- to high-temperature geothermal upflow plume in the 
depth range 900-1 300 meters; and (2) mapped in detail [ I  :4000] for this 
investigation. Geology beyond the borders of the detailed-map area 
synthesized from Robinson et al. (1 976; 1 :62,500) and Reheis (1 991 ; 
1 :24,000). 
Previous investigations in the Emigrant area have varied 
widely in emphasis, scope and detail. Robinson et al. (1968) 
published a map of the entire Silver Peak Range and vicinity 
at an approximate scale of 1 : 155,000, noting that widespread 
Pliocene ignimbrites at the crest of the range might signal the 
cryptic presence of a large corresponding caldera (the Silver 
Peak caldera). Albers and Stewart (1 972) mapped the area for 
their 1 :250,000-scale geologic and mineral-resource maps of 
Esmeralda County, and Robinson et al. (1 976) later completed 
1:62,500-scale mapping of a 15' quadrangle encompassing 
the Emigrant area. U.S. Borax and Chemical Corporation 
(unpublished data; 1980s) mapped the region at 1 : 12,000, 
concentrating on Pliocene lakebeds hosting boraxllithium 
mineralization. Reheis (1991) and Reheis and Sawyer (1997) 
published 1 :24,000-scale maps including Emigrant and empha- 
sizing the area's tectonic history and unusually well-exposed 
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Figure 3. Static thermal-gradient profiles for selected shallow boreholes 
in  the Emigrant geothermal prospect. Please refer to Figure 2 for borehole 
locations. Data from AMAX Exploration, Inc., temperature-logging 
reports. 
late Cenozoic deposits. Oldow (1 992) and Oldow et al. (1 994, 
2003) incorporated the prospect area into mostly small-scale 
(11:62,500) geologic maps highlighting the regionally im- 
portant, middle to late Miocene, Silver Peak-Lone Mountain 
(SPLM) metamorphic core complex (Figure 1). Petronis et 
al. (2002) used paleomagnetic data to deduce that the entire 
core complex had been rotated clockwise and had ceased to 
evolve by about 6 Ma. 
The Emigrant area's considerable geothermal potential 
was first realized by AMAX Exploration, Inc. (Deymonaz, 
1984), from the high temperatures encountered in shallow 
U.S. Borax drill holes. AMAX entered into a cooperative 
agreement with Magma Power Company ("Magma"). Due 
to federal acreage limitations facing AMAX, the geothermal 
leases were held by Magma. AMAX later withdrew from geo- 
thermal development activities before a full-scale exploration 
effort could be implemented. Magma focused its efforts on the 
now proven geothermal field at nearby Fish Lake (Figure 1; 
Cascadia Exploration Corporation, 1999) and exploration at 
Emigrant ceased. Magma was subsequently acquired by Cal 
Energy Company ("CalEnergy") which redeployed the former 
company's geoscientific staff to the latter's Salton Sea geother- 
mal field in Calaifornia's Imperial Valley. Magma dropped 
the primary Emigrant leases on which GEO-83, in December 
2000, filed noncompetitive lease applications. BLM issued 
the leases effective June 1, 2002. GEO-83 and its operating 
company, Fish Lake Green Power Company ("FLGPC"), have 
undertaken exploration activities at Emigrant since that time. 
Under contract to FLGPC, Ciancanelli et al. (2003) combined 
then-existing geologic maps with the AMAX thermal-gradi- 
ent data and a new precision gravity survey by FLGPC to 
formulate the generalized Emigrant conceptual model from 
which the model presented in this paper deviates only in detail. 
Geothermex, Inc. (2004), synthesized all contemporaneously 
available geoscientific data to report that the Emigrant prop- 
erty had a likely minimum electrical-generation capacity of 46 
megawatts for 30 years. 
The Fish Lake Valley pull-apart occurs within an exten- 
sional right overstep between two major dextral transcurrent 
fault zones - the Fish Lake Valley zone (FLVFZ) to the west, 
and the central Walker Lane, to the east (Figure 1; Reheis and 
Dixon, 1996; Reheis and Sawyer, 1997; Oldow et al., 2001,2003, 
2004; Petronis et al., 2002; Stockli et al., 2003). This still-active 
pull-apart apparently began to form at about 6 Ma (Reheis and 
Sawyer, 1997), that is, at about the time the SPLM core com- 
plex had apparently ceased its active growth phase (Petronis et 
al., 2002). Prior to that time (but after -1 lMa), displacement 
transfer at the overstep had been accommodated by regional, 
northwest-directed detachment faulting attending the rise of the 
complex itself (Oldow et al., 2001,2003,2004; Stockli, 2003). 
In a geothermal context, it is important to note here that 
the FLVFZ, with an integrated lateral displacement rate of 5 
mmlyr (Reheis and Sawyer, 1997), is not only the single most 
active fault zone in the Great Basin, but in the entire United 
States is surpassed in this regard only by dextral transcurrent 
faults of the plate-bounding San Andreas system. Kinemati- 
cally linked to the FLVFZ is the Fish Lake Valley pull-apart, 
with which the Emigrant geothermal prospect is clearly and 
closely affiliated (Figure 1). 
Methods and Procedures 
As noted above, the Emigrant property had been mapped 
many times prior to the current GRED I11 project. However, 
the Phase 1 governing goal of the project was selection of a 
high-quality, intermediate-depth (900-1300 m), geothermal 
drilling target. Accomplishing this objective called for detailed 
(1 :4000-scale) geologic mapping focused on those features of 
the prospect most relevant to conceptual modeling of a geo- 
thermal system at depth - faults, fractures, fracture-amenable 
lithologies, active thermal phenomena, and hydrothermal 
alteration. This work was greatly facilitated by state-of-the-art 
remote-sensing and G I s  technology. 
Remote-Sensing and GZS for Geologic Mapping - Remotely 
sensed data can be highly effective for increasing the produc- 
tivity and accuracy (in turn lowering the cost) of geologic 
mapping. For example, inexpensive multispectral imagery 
can be used to prepare provisional regional to sub-regional 
lithologic, alteration, and fault maps to guide subsequent field 
work. The trade-off in this economical approach is that these 
data sets - from the LandSat Thematic Mapper and Advanced 
Spaceborne Thermal-Emission and Reflection Radiometer 
(ASTER) - have 15-30 m spatial resolutions, less than ideal 
for large-scale mapping. The problem is not insurmountable. 
Comparably inexpensive panchromatic (PCR; gray-scale) data, 
available at spatial resolutions to 1 m, can be mathematically 
combined (fused) with the multispectral imagery to create new 
images retaining the distinct advantages of ASTER and the 
fine-scale PCR resolution. 
For this project, fused imagery was created using ASTER 
data and USGS Digital Orthophoto Quandrangles (DOQs). 
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The ASTER data have a spatial resolution of 20 m for the 
visible to infrared and near-infrared bands, and 30 mfor short- 
wave-infrared bands; the cost can range from free to US$60 
per 60 x 60 km image. The DOQs utilize a single gray-scale 
band with a 1-m spatial resolution; the cost per 7.5-minute 
quadrangle can range from nil to US$20. The foregoing ap- 
proach is undeniably effective for detailed mapping projects 
with typically limited budgets. Where cost is of lesser concern, 
the writers would recommend data fusion using hyperspectral 
airborne imagery (for example HyMap, with 3-m spatial reso- 
lution) and Quickbird PCR data (0.6-m). 
Figure 4. A comparlson of low-resolution, ASTER Imagery and the 
corresponding, hlgh-resolution, fused ASTER + panchromatlc Imagery 
used to facrlltate detalled geologlc mapplng for thls project Top-20- 
m-resolution ASTER Imagery for the northern Sllver Peak Range. Small, 
wh~te-outl~ned square shows the area portrayed at largerscale below. 
Bottom - Enlargement of the whlte-outllned area above showlng fused 
ASTER t panchromatlc data at the much-flner-scale resolution of the latter 
(1 m). The hlgh-resolution fused data retaln virtually all the advantages of 
the ASTER vlslble, Infrared, near-infrared, and shortwave-lnfrared Imagery. 
For comparlson, the fused Image IS surrounded by adjolnlng ASTER 
Imagery atthe same scale to show the dramatrc reduction In plxel srze 
accomplished by the fusron. 
Data fusion for this project was accomplished using the 
Brovey method, a standard procedure found in most image- 
analysis software packages. For this method, three bands from 
the multispectral data set are chosen based upon appropriate 
spectral characteristics. These bands are then merged with the 
PCR data set as follows: 
Bl,, = (Bl/[Bl+B2+B3]) x PCR 
B2,, = (B2/[Bl+B2+B3]) x PCR 
B3,, = (B3/[Bl+B2+B3]) x PCR 
Where B1, B2, and B3 are the multispectral input bands. 
This process generates a three-band data set that can be used 
to produce false-color composites (FCC; Figure 4) readily us- 
able for mapping at scales ranging to 1:4000 and greater. The 
fused imagery is overlain with a Universal Transverse Merca- 
tor (UTM) grid to facilitate field orientation. Color-printed 
on glossy paper, the imagery provides a distortion-free geo- 
logic-mapping base highlighting rock types, structural trends, 
thermal features, and hydrothermal alteration phenomena that 
might otherwise escape detection. 
Geology of the Emigrant Prospect 
Stratigraphy and Lithology 
The Emigrant geothermal prospect (Figures 2 and 5) 
flanks the western part of the northern Silver Peak Range, 
where that feature has narrowed northward from a high, 
broad, and rugged range of mountains to a subdued spine of 
hills only a few km in breadth. Within the prospect proper, 
Cambrian to Ordovician carbonate and siliciclastic rocks, al- 
most always in fault contact with one another, are overlain, in 
succession, by Miocene felsic ignimbrite, Pliocene tuffaceous 
sediments, Plio-Pleistocene fanglomerate, and Pleistocene to 
Holocene alluvium. Some of the Paleozoic strata, and the 
more densely welded or silicified portions of the ignimbrite, 
would make excellent reservoir rocks in a concealed Emigrant 
geothermal system. The Pliocene sedimentary sequence is 
extensively argillized, and would provide an equally effective 
caprock. 
Older Cambrian Formations - Several older Cambrian for- 
mations exposed at the eastern edge of the Emigrant prospect 
(Figure 2), but not mapped in detail for this study, are likely 
to occur nonetheless in the deeper reaches of the envisioned 
Emigrant geothermal system (Figure 6). The project's Phase 2 
intermediate-depth drill hole may barely reach these rocks, but 
they should be mapped and characterized in detail in advance 
of deeper production drilling. From oldest to youngest, these 
units are: (1) The Cambrian Poleta Formation [limestone, 
siltstone, and quartzite]; (2) Cambrian Harkless Formation 
[shale, phyllite, siltstone, and quartzite]; and (3) the Cambrian 
Mule Spring Limestone. The Mule Spring, in particular, might 
be a particularly effective reservoir rock, as it is riddled with 
locally extensive carbonate-dissolution networks including 
caverns up to at least several meters in diameter. 
Cambrian Emigrant Formation-The Emigrant Forma- 
tion crops out widely in the northern and eastern portions of 
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Figure 5. Summary deta~led geolog~c map of the I n t e r l o r  of the Em~grant 
geothermal prospect. Geology d~st~ l led  from 1 :4000-scale m a p p l n g .  
Please refer to F~gure 2 for map locat~on. 
the prospect (Figures 2 and 5). In these areas, the formation 
has two members: (1) rhythmically interbedded, argillaceous 
limestone and calcareous shale to siltstone; and (2) papery- 
weathering shale and phyllite. The first-named member should 
be an excellent geothermal-reservoir host. Not only has the 
rock undergone widespread carbonate dissolution (and even 
small-cavern formation), it is also exensively fractured and 
veined. The impermeable shale member, fortunately, is of 
limited local distribution. 
Ordovician Palmetto Formation -Underlying the Emigrant 
Formation in thrust contact on the prospect is the structurally 
dissected and deformed, Ordovician Palmetto Formation. The 
Palmetto in west-central Nevada has been described by Oldow 
(1984) as part of a highly disrupted, imbricate thrust stack 
emplaced as part of the regionally prevalent, Devonian-Mis- 
sisippian Roberts Mountains allochthon. In the prospect area, 
the Palmetto is essentially a mklange, consisting of scattered 
blocks and lithons of limestone, cherty limestone, chert, and 
lesser sandstone and siltstone embedded in a variously sheared 
and chaotically folded matrix of calcareous shale to siltstone. 
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and th~nly~nterbedded arglllaceour Unit alro conta~nr sheared and boud~naged Meroro~c 
llmertone and calcareour rhale to or l e r t ~ a r y g r a n o d ~ o r ~ t e d ~ k e r ( ~ l  and lenses 
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Figure 6. Deta~led, east-west geolog~c s e c t l o n  through the I n t e r l o r  of the 
Em~grant geothermal prospect. Map features the Green Monster fault 
zone, along wh~ch the prospect's modern surface geothermal phenomena 
(e.g., a small nat~ve-sulfur depos~t and feeble fumarole) are located. 
The blocks are penetratively fractured and hydrothermally 
veined; the matrix appears generally impermeable. Thus, the 
Palmetto as a whole would not be a particularly favorable 
geothermal reservoir rock. Even the fractured blocks, if no 
larger at depth than mapped at the surface, would provide 
unacceptably small reservoir volumes. Various types of 
hydrothermal alteration to be discussed would improve the 
formation's overall reservoir quality, but the presence and ex- 
tent of such alteration in the subsurface cannot be predicted 
with confidence from the geologic mapping alone. 
Mesozoic or Tertiary Granodiorite-The Palmetto mklange 
in this part of the Silver Peak Range contains dozens of small 
granodiorite lithons (only one is large enough to show at the 
scale of the map; Figure 5). These igneous rock bodies range 
in form and texture from sheared and offset dikes or sills, to 
chains of lensoid boudins entirely bounded by shear planes. 
There are apparently no such plutonic rocks in western Ne- 
vada older than Triassic (Stewart, 1980). The presence of 
these rootless, sheared granodiorite masses in the Palmetto 
thus indicates that one major shearing episode affecting the 
formation post-dated emplacement of the Roberts Mountains 
allochthon. If the granodiorite is younger than mid-Mesozoic, 
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the shearing would also have taken place after the most recent 
(Jurassic) regional overthrusting (Oldow, 1984). The point to 
be made here is that the granodiorite permissively could have 
been sheared during Miocene extension and attenuation of 
the Palmetto in the upper plate of the SPLM core complex. 
Radiometric age-dating of the granodiorite currently in prog- 
ress should rigorously test this hypothesis. 
Miocene Felsic Zgnimbrite-The Emigrant and Palmetto 
Formations in the northeastern part of the geothermal pros- 
pect area (Figure 5) are overlain, in depositional to structural 
contact, by early Miocene (21.5-22.8 Ma; Robinson et al., 
1976) felsic ash-flow tuffs assigned by Oldow (2003) to the 
regionally distributed Icehouse Canyon Sequence. These 
ignimbrites are quartz-, feldspar, and biotite-crystal-rich, 
and form simple to compound cooling units (Smith, 1960) 
that are weakly to densely welded and intricately dissected 
by faulting. 
In this area (and apparently throughout the northern Silver 
Peak Range), the Ice House Canyon ignimbrites occur mostly 
as structural tongues and slivers above multiple low-angle 
faults. The upper plates of these faults consist principally of 
fractured, brecciated, rotated, steeply-dipping and locally silici- 
fied blocks of moderately to densely welded tuff. The lower 
plates are made up of corresponding, commonly argillized, 
weakly welded tuffs that are also fractured and distended but 
overall more nearly intact. 
The penetratively fractured, welded tuffs in the upper plates 
of these low-angle fault slivers, along with the fault zones 
themselves, would clearly be high-quality geothermal-reservoir 
rocks if buried sufficiently deep. At the crest of the Emigrant 
thermal anomaly (Figures 2 and 5), these rocks could host the 
shallowest hot-water entries in the intermediate-depth drill hole 
planned as Phase 2 of this project. On the other hand, weakly 
welded tuffs beneath the low-angle faults are commonly argil- 
lized, and could function at depth as aquitards. 
Pliocene Tuffaceous Sedimentary Rocks-Unconformably 
overlying the Paleozoic rocks and Miocene ignimbrites in the 
prospect area are widespread tuffaceous sediments (Figure 5) 
of the Pliocene Fish Lake Valley Assemblage (Oldow, 2003). 
These sediments, which accumulated in small structural and 
erosional basins of limited local extent, comprise basinal-fa- 
cies, in part turbiditic, ashy lacustrine mudstones, siltstones, 
and sandstones flanked by pumiceous, basin-margin, fluvial 
sandstones and conglomerates. Based on radiometrically-de- 
termined ages of interstratified tephra, deposition of the Fish 
Lake Valley Assemblage spanned at least the time interval 
4.8-2.6 Ma (Robinson et al., 1968, 1976; Reheis and Sawyer, 
1997). 
According to U.S. Borax lithologic logs (e.g., in Hambrick, 
1985), the Fish Lake Valley Assemblage in the vicinity of the 
geothermal prospect ranges from a few tens of meters to at 
least 700 m in thickness. Greenish, tuffaceous, argillized la- 
custrine mudstones apparently making up the middle part of 
the assemblage were targeted by U.S. Borax for the sediments' 
elevated borax and lithium concentrations. These argillized 
sediments are ideally positioned to provide an impermeable 
and thermally-insulating cap on an underlying convective 
geothermal system. 
Miocene or Younger Basalt-Porphyritic basalt was found 
intruding Miocene ignimbrite but no younger rocks in the Emi- 
grant prospect area (Figure 5). The basalt is dark olive-gray 
where fresh, but is generally argillized and pale greenish-gray. 
The rock is unlikely to figure prominently in a concealed Emi- 
grant geothermal system. 
Plio-Pleistocene Fanglomerates and Lacustrine Sediments- 
A key marker unit in the Emigrant prospect area is an upper 
Pliocene to middle Pleistocene sequence dominated by weakly- 
consolidated pebble to cobble and rarely boulder conglomerate, 
but also containing distinctive local lacustrine mudstones and 
siltstones (Figure 5). Tephra are dramatically less abundant in 
this unit than in underlying Pliocene sediments, but include di- 
agnostic eruptive debris from the Yellowstone caldera complex 
as well as the nearby, Pleistocene, Long Valley volcanic center 
(Reheis and Sawyer, 1997). The youngest dated tephra layer in 
this young fanglomerate/mudstone sequence clearly came from 
Plinian eruptions precursor to eruption of the voluminous, 
0.76 Ma Bishop Tuff ash flows and resulting collapse of the 
Long Valley caldera. 
Quaternary and Tertiary Landslide Deposits-There are 
three landslides within the detailed map area (Figure 5). The 
largest and most conspicuous is a 0.1 km2 mass of Emigrant 
Formation that collapsed from a high, east-west-trending fault 
scarp into a deeply eroded adjacent canyon. This landslide 
ranges in texture from nearly intact glide blocks to incoher- 
ent rock rubble. A second slide, just west of the Gator fault 
zone, is a fractured but mostly coherent glide block consisting 
of Palmetto Formation with a scab of Miocene ignimbrite. 
The third slide consists of rubblized but minimally-eastward- 
transported Miocene ignimbrite just north of the intersection 
of the Sorrel and Gator fault zones. 
Quaternary Sutjicial Deposits-Older rocks throughout the 
Emigrant geothermal prospect (Figures 2 and 5) are blanketed 
extensively by Quaternary alluvial fans of at least two ages; 
the older deposits overlain and incised by the younger. These 
fans are of marginal direct interest from a geothermal perspec- 
tive, and have been removed for clarity from the interpretive 
geologic sections presented in this report (e.g., Figure 6). 
Structure 
Overview-The rocks of the Emigrant prospect (and the 
Silver Peak Range in general) have been folded, fractured, 
sheared, and brecciated repeatedly during their long and 
unusually intensive tectonic history. This is an ideal scenario 
for creating the enhanced permeability and deeply-penetrating 
thermal-fluid conduits required for a commercial geothermal 
system. The prospect is still tectonically active, as evidenced 
by faulted alluvium. Because of this fact, the inevitable "self- 
sealing" that takes place in all hydrothermal systems (Facca and 
Tonani, 1967) is likely to be balanced by seismically-induced 
and frequently recurring fracture rejuvenation. 
There are three principal types of faults in the prospect 
area, from oldest to youngest: (1) Overthrusts, affecting only 
Paleozoic rocks; (2) low-angle normal faults, in Miocene felsic 
ignimbrite; and (3) Moderate- to high-angle faults, includ- 
ing those of the current locus of tectonic activity here, the 
H ulen, et a/. 
Emigrant Peak fault zone (Figures 2, 5, and 6). Faults of 
all three types locally have thick "damage zones" that could 
focus or distribute thermal-fluid flow in a concealed Emigrant 
geothermal system. 
Overthrust Faults-The Cambrian and Ordovician For- 
mations of the Emigrant prospect are typically in apparent 
overthrust contact with one another (Figures 2, 5, and 6), 
although Albers and Stewart (1972) take pains to explain that 
many of these "overthrusts" could just as readily be low-angle 
extensional features. The major overthrust separating the 
Emigrant and Palmetto Formations in the detailed map area 
(Figure 5), as we have noted (see "Granodiorite" above), shows 
evidence permissive for low-angle extensional reactivation. 
Low-Angle Normal Faults-The dominant structure of 
the Silver Peak Range (and of the Weepah Hills and Lone 
Mountain nearby and to the east) is the regional, low-angle 
detachment surface separating the upper and lower plates of 
the SPLM core complex (Figure 1; Oldow, 2003). This struc- 
ture is not exposed in the Emigrant prospect area, but is sure 
to occur here at depth (Figure 6). The drilling of future deep 
production wells at Emigrant should be preceded by careful 
mapping and measurement of the detachment where it crops 
out nearest to the prospect. Subsidiary low-angle structures 
in the upper plate of the detachment are locally exposed at 
Emigrant, and are likely to be penetrated at depth duringphase 
2 drilling activities. 
A remarkable series of core-complex-related, low-angle 
normal faults disrupts early Miocene ignimbrite of the Ice- 
Figure 7. Photograph (look~ng south-southeast) of low-angle normal fault 
zone d~srupt~ng M~ocene fels~c ~gn~mbr~te In the northeastern part of the 
deta~led geolog~c-map area (F~gure 5). Vert~cal edge at left of Image IS -5 
m h~gh. A Undulatory, pr~nc~pal d~splacement surface (PDS), typ~cally 
grooved, mull~oned, and sl~ckens~ded. At left, the PDS IS subhor~zontal; 
at r~ght, 11 d~ps teeply south, obl~que to and away from the plcture 
plane. B - Subs~d~ary d~p-s l~p and obl~que-sl~p faults cuttlng the PDS, but 
extend~ng no more than a few meters Into that feature's upper and lower 
plates. These structures appear to have formed near-contemporaneously 
w ~ t h  the PDS ~tself. C Intensely fractured, moderately s ~ l ~ c ~ f ~ e d ,  and 
hemat~t~c "11mon1te"-sta~ned damage zone above the PDS. D Arg~ll~zed, 
weakly welded tuff In the lower plate of the PDS; E (In ~mmed~ate 
background) - Fractured, locally rubbl~zed, and small-normal-fault 
segmented, moderately to densely welded tuff In the upper plate of the 
PDS. Compact~on fol~at~on I  th~s upper plate d~ps teeply toward the 
PDS. Photography by G.D. Nash. 
house Canyon sequence not only within the prospect (Figures 
2, 5, 6, and 7, but-based on the writers' reconnaissance 
-throughout the northern Silver Peak Range. These faults, to 
our knowledge previously undocumented, occur over an area 
of at least 100 km2 (and probably more). Rather than being 
part of a continuous regional break, they appear to cut the ig- 
nimbrite into multiple slivers and tongues individually reaching 
at most a few km2 in area. The tongues (1) commonly coalesce 
laterally to form larger, composite nappes; but (2) are locally 
separated by "islands" and septa of sheared and segmented 
but overall relatively intact ignimbrite. The faults at the bases 
of the individual slivers have undulatory, typically slickensided 
surfaces (e.g., Figure 7). With up to 25 m of structural relief, 
these surfaces, depending on location in the range, dip gently 
(<30°) to the east, west, north or (as on the prospect) south, 
but locally may be near-vertical. 
These ignimbrite-hosted, low-angle faults appear to have 
formed opportunistically at cooling-unit welding breaks. Typi- 
cally, the breaks have occurred between a weakly welded zone 
below and a moderately to densely welded zone above. Denser 
tuffs of the upper plates have been displaced over the softer 
basal tuffs, and locally over Paleozoic rocks. In response to 
this motion, the upper-plate tuffs have been segmented into 
multiple local strike-slip- to normal-fault-bounded blocks, 
many of which have been rotated so that their compaction 
foliation dips steeply into - and terminates at - the damage 
zones above the principal subhorizontal displacement surfaces 
(Figure 7). 
The actual slip magnitude along these ignimbrite-hosted 
low-angle faults has yet to be determined, but, based on field 
evidence, does not appear to have been appreciable. However 
limited, the motion was sufficient to break the fault zones 
and the upper-plate tuffs into penetrative and commonly 
open fracture networks. The most porous of these networks, 
found between neighboring, subparallel, oblique-slip faults, 
are similar in form and texture to the fractured negative flower 
structures that are a characteristic feature of transtensional 
strike-slip fault zones (Sylvester, 1988). 
Moderate- to High-Angle Faults - Overthrusts and low- 
angle normal faults at Emigrant are broken extensively by 
moderately- to steeply-dipping faults, the youngest of which 
show the most obvious surface expressions of ongoing major 
extension in the Fish Lake Valley pull-apart (Figure 1). These 
high-angle structures can be grouped conveniently into three 
main orientations - northeast, east-west, and northerly (Fig- 
ures 2 and 5). The northeast-trending faults crop out along 
what we have designated the Sorrel fault zone. The most recent 
displacements along this fault zone have been pure normal 
dip-slip. However, the nearly straight trace of the zone sug- 
gests that it may have undergone earlier strike- or oblique-slip 
motion. East-west faults, confined to the northern part of the 
prospect (Figures 2 and 5), parallel many of the major left- 
lateral, Walker Lane transfer faults of the "Mina Deflection" 
to the north (Figure 1; Stewart, 1985, 1988). 
Both the northeast- and east-west-trending faults at 
Emigrant are truncated by northerly-trending, moderate- to 
high-angle normal faults. Primarily down-to-the-west, these 
young faults cut all rock and deposit types on the prospect. 
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The Emigrant Peak fault zone (Figures 2, 5, and 6) is notable 
for west-facing scarps up to several meters high in all but the 
very youngest alluvial deposits. Synthetic to the Emigrant 
Peak fault zone are the high-angle, north-trending faults of the 
Green Monster zone (Figures 2,5, and 6). Occurring along this 
zone are the only obvious surface manifestations of the con- 
cealed geothermal system - warm ground, a feeble fumarole, 
incipient advanced alteration, and crusts of elemental sulfur. 
Alteration 
Paleozoic and most Cenozoic rocks at Emigrant are hy- 
drothermally altered and mineralized to a greater or lesser 
extent (Figure 8). A little of this alteration can be attributed 
unambiguously to a modern Emigrant hydrothermal system, 
and all of the alteration is variously useful for conceptually 
modeling past, recent, and contemporary thermal-fluid circula- 
tion deep in the prospect's subsurface. 
The Emigrant and Palmetto Formations differ as much in 
alteration style as they do in structural disruption. The com- 
monly sheared Palmetto hosts scattered patches of alteration 
and mineralization only locally large enough to show at the 
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Figure 8. Detailed alteration and mineralization map of the interior of the 
Emigrant geothermal prospect. Area is the same as Figure 5. 
scale of the map (Figure 8), but of many varieties and textures 
including: (1) massive barite; (2) cryptocrystalline silicification 
Ijasperoid]; (3) stockwork quartz + limonite [-pyrite] veining; 
(4) decalcification [hydrothermal carbonate-dissolution]; and 
(5) quartz-sericitization + limonite [-pyrite]. The chaotic dis- 
tribution as well as the highly variable composition and texture 
of this Palmetto-hosted alteration suggests that much of it may 
be rootless, dismembered from its point of origin and tectoni- 
cally transported to its present location. Having said this, we 
note also that some alteration in the Palmetto is obviously and 
tightly controlled by major throughgoing structures like those 
of the Sorrel fault zone (Figure 8). 
Granodiorite lithons and dissected dikeslsills in the 
Palmetto Formation are invariably hydrothermally altered. 
The alteration ranges from propylitic, the most typical, to 
clay-sericite with limonitic quartz and/or calcite veinlets. The 
propylitic alteration, which includes minor epidotization of 
mafics and feldspars, is seemingly out of equilibrium with that 
prevailing in surrounding rocks (where there is no shortage 
of calcareous lithologies for the calc-silicate to replace). This 
disparity could also indicate that the igneous rocks have been 
tectonically moved from their original sites of emplacement. 
In contrast to the Palmetto, the more structurally intact 
Emigrant Formation as a whole is more pervasively (but 
less conspicuously) altered and mineralized. The dominant 
limestone interbeds are typically cut by abundant grayish to 
brownish calcite veinlets (Figure 8) that are locally only centi- 
meters apart. These veinlets are mostly orthogonal to bedding, 
and appear to have formed in fractures created as intervening 
shale/siltstone layers were stretched, and the limestone itself 
was brittly ruptured. The limestone and the veinlets have 
been carbonate-leached locally to form networks ranging from 
hairline openings to small caverns up to a meter or more in 
diameter. The dissolution is most extensively developed close 
to major range-bounding normal faults, like those of the Gator 
fault zone (Figures 2 and 5). At these locations, the formation 
can be cavernous and mineralized with goethitic to hematitic 
limonite, rendering the rock a bright reddish-brown. 
Also distinctively reddish, at the prospect and regional 
scales, are the low-angle fault zones disrupting Miocene ig- 
nimbrites (Figures 5, 7 and 8). These fault zones are weakly 
to moderately silicified, and contain abundant introduced 
limonite along with local veinlets and breccia cements of black 
manganiferous carbonate. More densely welded tuffs in the 
upper plates of these low-angle fault zones are erratically silici- 
fied and cut by quartz veinlets with or without disseminated 
hematite. Weakly welded tuffs in the lower plates of the fault 
zones are commonly altered to smectite. We speculate that 
some of this argillic alteration may have preceded and facili- 
tated the widespread low-angle faulting. 
Tuffaceous sedimentary rocks (particularly lacustrine mud- 
stones) of the Fish Lake Valley Assemblage are also extensively 
smectite-altered. Much of the smectite is nontronite, which 
has weathered to a whitish "popcorn" texture but is actually 
greenish in cast. The Green Monster mine (Figure 7), in fact, 
was named for the bright greenish knob from which sulfur 
was briefly extracted many years ago. Much of the nontronite 
and other smectite- family clays in these Pliocene sediments 
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could be other than hydrothermal in origin. The poorly con- 
solidated rocks are rich in pumice and ash, components which 
readily alter to smectite in a low-temperature burial-diagenetic 
environment (e.g., Wohletz and Heiken, 1992). U.S. Borax 
geologists believed that the nontronite and spatially associated 
borax mineralization resulted from the action of contempora- 
neous thermal springs discharging from beneath and into the 
sediments as they accumulated. In a case like this, the distinc- 
tion between diagenetic and hydrothermal is blurred. 
Just west of the Green Monster, even the Plio-Pleistocene 
fanglomerates are uncharacteristically but intensely argillized 
(Figures 5 and 7). In this region, the clay-altered material 
also contains some kaolinite as well as thenardite, gypsum, 
and probably other hydrous sulfates. It seems likely that the 
formation here has been affected by low-temperature acid-sul- 
fate leaching and incipient, advanced argillic alteration (e.g., 
Schoen and White, 1968; Schoen et al., 1974). 
Several thick (i.e., mappable at 1 :4000) hydrothermal veins 
crop out within and just north of the Emigrant prospect (Fig- 
ures 5 and 8). A calcite vein near and parallel to the Sorrel 
fault zone is massive, medium- to coarse-crystalline, and prob- 
ably unrelated to the modern geothermal system. However, 
delicately-banded, "travertineM-style calcite veins cutting young 
fanglomerate in the northwest corner of the prospect are of 
the sort commonly found at shallow depths beneath calcare- 
ous spring deposits. Texturally identical veins in the Emigrant 
Formation just north of the map area are up to 0.5 km long 
and 5 m or more in thickness. These enormous veins occur in 
proximity to AMAX borehole 213 (Figure 2), which had the 
highest temperature at the shallowest depth (51°C at 32 m) yet 
recorded in the Emigrant area. 
Geologic logs for many of the prospect's shallow borax- 
exploration and thermal-gradient holes record locally intense 
hydrothermal alteration and mineralization at depth. Of 
particular interest in this regard is the log for borehole 21 1 
(Hambrick, 1985) near the Green Monster mine (Figures 2 
and 3). This hole reportedly encountered intensely silici- 
fied and pyritized tuff, tuffaceous siltstone, and sandstone 
between 195 m and the 296 m total depth (Hambrick, 1985). 
Pyrite was estimated to account for 5-10 vol.% of this in- 
terval, which also featured abundant "black stringer" and 
''SiO? veinlets. The cuttings for this and the other Emigrant 
boreholes were discarded long ago, but from the written 
descriptions it seems likely that the alteration and mineraliza- 
tion in borehole 21 1 could be genetically related to the active 
Emigrant geothermal system. Bolstering this assertion is the 
fact that the altered and mineralized interval hosted all three 
of the borehole's minor thermal-fluid entries. Hot water from 
these entries was geochemically analyzed to provide what few 




There are no thermal springs within the Emigrant prospect 
area, but unambiguously indigenous hot-water samples were 
collected from boreholes 21 1 (see above) and 112 (Figure 2). 
Table 1. Chemistry and geothermometry of hot-water samples from two 
shallow boreholes in the Emigrant geothermal prospect (from Pilkington, 
1984; as reproduced in Deymonaz, 1984). 
Borehole 112 
Temperature (OC) 72 
Collection depth (m) 238 
Flow rate (literslminute) 400 
PH 8.5 
Geothermometry 
T, S i 0 2  (quartz), 'C 169 
T, S i 0 2  (chalcedony), 'C 160 
T, Na-K, "C 129 
T, Na-K-Ca, OC 135 
T, Na-Li, OC 213 
T, Li, OC 231 
Borehole 21 1 
These samples were analyzed for major and selected minor 
chemical components (Table 1; Pilkington, 1984). Hot water 
at 96°C from borehole 21 1 was collected by airlifting from a 
depth of 123 m (water level) at a rate of 240 liters per minute. 
The corresponding parameters for borehole 11 2 were: 72"C, 
238 meters, and 400 liters per minute. 
The two samples, collected from boreholes 5 km apart, were 
nonetheless similar geochemically. The sample from borehole 
21 1 was a dilute (-0.3 wt.% TDS) sodium-chloride-sulfate- 
bicarbonate fluid with a pH of 8.7 (Table 1). A wide variety 
of chemical geothermometers (Truesdell, 1985) indicated sub- 
surface equilibration temperatures for this fluid ranging from 
146°C to 214°C; the quartz and chalcedony geothermometers, 
respectively, suggested reservoir temperatures of 158°C and 
146°C. The deeper but cooler sample from borehole 1 12 was 
similarly alkaline but contained less chloride and more bicar- 
bonate than the one from 21 1. Chemical geothermometry 
for this sample ranged widely from 129°C to 231°C, with the 
quartz and chalcedony geothermometers indicating, respec- 
tively, 169°C and 160°C. 
It seems unwarranted to cede too much weight to these 
two shallow-water analyses in formulating an appropriate 
conceptual model for the Emigrant geothermal system. The 
chemistry would seem to point to a moderate-temperature 
system at depth, but since mixing cannot be discounted, 
higher subsurface temperatures are also distinctly possible. 
More and deeper thermal-fluid samples will be required to 
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test these provisional possibilities, and retrieval of those 
samples must await implementation of Phase 2 drilling. 
In the meantime, integrated geological, geophysical, and 
shallow-temperature data collected from the prospect to 
date suggest strongly that the planned drill hole stands an 
excellent chance of discovering a viable geothermal resource B 
at depth. 
Discussion and Conclusions 
Overview 
The Emigrant prospect's high shallow conductive thermal 
gradients must be tied to one or more convectively upwell- 
ing hot-water plumes. Otherwise, extrapolated to depth, the 
gradients would correspond to unrealistically high subsur- 
face rock temperatures. The plumes must exist, so the key 
question becomes: Are the upflows hot enough, sufficiently 
transmissive, and supported by a large enough reservoir vol- 
ume to sustain commercial geothermal power production? 
The bulk of the evidence gathered to date suggests that the 
answer is yes. 
Reservoir Temperature 
Apart from the limited geothermometry, we can gain 
some perspective on likely deeper reservoir temperatures at 
Emigrant by projecting the measured shallow conductive 
thermal gradients through a realistic caprock thickness. As 
a very rough first approximation, we can assume that the cap 
consists mostly of argillized Pliocene sediments. The thick- 
ness of this relatively low-density sequence should in theory 
match the "depth-to-dense rock" calculated by geophysicist 
John Maas (in Ciancanelli et al., 2003) by inverting data from 
his high-precision gravity survey of the prospect. 
Along the axis of the Emigrant thermal anomaly, the esti- 
mated depth to dense rock ranges from nil to -400 m (Figure 
9). We assume for this exercise that the thicker portions of the 
cap will govern the shallowest reservoir temperatures. Project- 
ing the core of the anomaly's "typical" conductive thermal 
gradient (for borehole 118) down to 400 m depth yields a 
temperature of -1 50°C at the top of an upwelling plume. A 
thermal gradient intermediate between those of boreholes 1 18 
and 21 1 would increase the plume-top temperature to -175OC. 
This temperature range is compatible with that predicted by 
silica geothermometry. However, we reiterate that a more 
rigorous assessment of subsurface reservoir temperature at 
Emigrant can only be accomplished through deeper drilling 
and fluid sampling. 
Permeability Architecture 
@ Gravity-inversion-modeled depth from ground surface to top of 
"dense rock (basement). Modeling by John Maas. Results presented 
In C~ancanelli et al. (2003). 
@ Emigrant thermal anomaly: 250~Clkm shallow thermal isograd. 
Modified from Deymonaz (1984). 
@ Main western range-bounding normal-fault segments of the northern 
Silver Peak Range. Criterion: footwall dominantly Paleozoic basement; 
hanging wall Cenozoic cover. 
EPFZ - Emigrant Peak fault zone GFZ - Gator fault zone 
RFFZ - (Principal) range-front fault zone SFZ - Mapped and inferred extent 
of the Sorrel fault zone. 
Figure 9. Map of the Em~grant prospect and vlclnlty, s h o w ~ n g  the surface 
traces of major, moderate- to h~gh-angle fault zones relat~ve to ( I )  the 
nucleus of the shallow thermal-gradlent anomaly and (2) the gravlty- 
modeled depth t o  "dense rock" [~.e., the basement]. M a p  area IS the same 
as In F~gure 2. Depth mode l~ng  by lnverslon of h ~ g h - p r e c ~ s ~ o n  gravlty 
data (by John Maas, In C~ancane l l~  et al., 2003). Note that In general the 
est~mated-depth contours and the trend of the thermal anomaly bear no 
apparent spat~al re lat~onsh~p t o the locus of modern tectonlc actlvlty, the 
Em~grant Peak fault zone. The anomaly Instead appears to be controlled 
by the northwest-left-stepp~ng con f~gura t~on  f "major" range-bound~ng 
normal faults (Paleozo~c basement to the east; Cenozo~c  over to  the 
west) at the western margln of the S~lver  Peak Range. S ~ m ~ l a r  control of 
"deep-c~rculat~on" geothermal systems In northwestern Nevada has been 
documented b y  Faulds et al. (2003, 2004). 
The elongate shape of the Emigrant thermal anomaly gression of "major" range-bounding fault segments (that 
(Figures 2 and 8), in this geologic setting, strongly suggests is, Paleozoic basement on the east; Cenozoic cover on the 
that the feature is fault-controlled. Somewhat surprisingly, west) along the western margin of the northern Silver Peak 
the anomaly bears no obvious relationship to the locus of Range. Of these segments, the axis of the anomaly mimics 
modern tectonic activity, the Emigrant Peak fault zone. most closely the trend of the Gator fault zone (Figures 2, 5, 
Instead, the anomaly follows a northwest-left-stepping pro- and 9). Alignment of the thermal anomaly's minor axes and 
H ulen, et a/. 
protuberances suggests that the north-to-northwest-trending 
major range-bounding fault segments are offset to the left 
along deeply-penetrating, northeast-trending faults like those 
of the Sorrel fault zone. This left-stepping fault geometry, 
though differently oriented, is essentially the same as that 
documented by Faulds et al. (2003, 2004) as governing the 
location of numerous "deep-circulation" geothermal systems 
(for example, Brady's and Desert Peak) in northwestern 
Nevada. 
This is not to say that the prospect's northerly-trending 
faults have no influence at all on thermal-fluid ascent. Clearly, 
for example, the north-trending faults of the Green Monster 
fault zone provide channels for hot fluids like those tapped in 
borehole 21 1. 
impermeable caprock consisting principally of argillized 
Pliocene sediments, the fluids advect subhorizontally along 
subsidiary conduits ranging from carbonate-dissolution chan- 
nels to flower structures in low-angle fault zones disrupting 
Miocene ignimbrites. Modern recharge for the system could 
emanate in part from (1) the Silver Peak range to the east; 
and (2) the lofty (>4000 m) White Mountains bordering Fish 
Lake Valley on the west. Over the productive life span of 
the geothermal system, however, such real-time recharge will 
surely be minimal. In common with other geothermal systems 
in the Great Basin, the bulk of the deeper thermal water at 
Emigrant will likely be "fossil" and older than 10,000 years 
(Flynn and Buchanan, 1992). 
Although deep-seated structural controls at Emigrant may 
be northwest- and northeast-oriented, the shallower, northerly- Acknowledgements 
trending, ancillary conduits could host the commercial- This work has been completed in support of a govern- 
hot-water entries most readily reachable by the depth-limited mentlindustry cost-shared "GRED 111" exploration and 
Phase 2 drill hole. drilling project (DE-FC36-04G014339) involving the U.S. 
Still, the best of these shallower entries will clearly be hy- Department of Energy, Office of Geothermal Technologies 
drologically tied to the principal conduits at depth. Therefore, (DOEIOGT), Esmeralda Energy Company, and Esmeralda 
we believe that the most favorable initial (intermediate-depth) affiliate FLGPC. Funding for Nash and Hulen has been 
drilling target at Emigrant should be (1) in the heart of the furnished by Esmeralda Energy Company via subcontract 
shallow heat anomaly; and (2) at or near the juncture of a to the Energy & Geoscience Institute. Supplemental fund- 
recently altered and mineralized northerly-trending fault ing for Hulen has come from his DOEIOGT Grant No. 
zone with one or both of the prospect's two other principal DE-FG36-04G014296 for the study of low-angle fracture 
(and deeply-penetrating) fault sets. With these guidelines, a systematics in geothermal systems. Hulen and Nash grate- 
good choice would be the intersection of the Green Monster fully acknowledge (1) lodging furnished to them free of charge 
fault zone with the southwesterly projection of the Sorrel by FLGP in Dyer, NV; and (2) valuable logistical support 
zone (Figures 5 and 9). There are other promising targets, from Linda Deymonaz. Illustrations are the work of graphic 
but we believe the one cited is most likely to produce a artist Douglas Jensen. 
discovery within the Emigrant B B' 
project's practical and financial 2.5 (Look~ng NWE) 8 
constraints. 
6 
A Conceptual Model 
A geohydrologic model  m 4 P 
featuring our favored initial $ - % .t: 
drilling target beneath the Green 3 2 .s i 
Monster mine is presented as $ - 'g 
Figure 10. According to the iii 
0 
model, thermal waters heated by 
deep circulation buoyantly as- -o.s 
cend along the Gator fault zone, -2 
the lengthier "principal" range- 
front fault zone that breaches 
the surface to the east, and the 
Mineral Ridge detachment, that 
is, the gently-dipping low-angle 
fault zone between the upper 
and lower plates of the SPLM 
core complex. The rising fluids 
focus and accelerate upward 
at  the Sorrel-Green Monster, 
Sorrel-Gator, and other major 
fault intersections. Beneath an 
@strike is subparallel to section @strike is generally NNW,oblique to section @Projected SW @~lluvial veneer removed for clarity 
Figure 10. Conceptual geologlc model of a moderate- to hlgh-temperature convective geothermal system 
clrculatlng beneath the heart of the Emlgrant shallow thermal-gradlent anomaly (Flgures 2 and 9). Red 
arrows schematically portray potentlal thermal-fluld pathllnes. At the center of thls sectlon IS the drllllng 
target considered by us as optlmum for penetrating, In the depth range 900-1 300 m, the upper reaches of a 
commerc~ally producible, moderate- to hlgh-temperature geothermal upflow plume. The target encompasses (1) 
major fault Intersections lnvolvlng the Green Monster, Gator, and Sorrel fault zones (Flgures 2, 5, and 9); (2) the 
only modern geothermal surface manlfestatlons, lncludlng a natlve sulfur deposlt; and (3) the borehole wlth the 
second-hlghest shallow thermal gradlent on the prospect (No. 21 1, at 700°C/km; Flgure 3). E P F Z  Emlgrant Peak 
fault zone; F L V  Flsh Lake Valley; G F Z  Gator fault zone; G M F Z  Green Monster fault zone; M R D T  Mlneral 
Rldge detachment; SFZSorrel  fault zone; SPRnorthern Sllver Peak Range. Rock unlts and symbols same as 
for Flgure 5. 
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